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1. INTRODUCTION

1.1 PARTIES

Purvin & Gertz, Inc., (Purvin & Gertz), was retained by Acurex Environmental Corporation
(Acurex) on behalf of the California Energy Commission (CEC) to provide evaluations and
assistance related to the proposed MTBE ban in California. Purvin & Gertz was retained to
provide four deliverables: a presentation at a public workshop, a report on the supply costs
of CARB gasoline and blend stocks from outside California, a report on the marine terminal
infrastructure and associated limitations, and compilation of the final report combining
Purvin & Gertz work with that of other consultants. This document is the report describing
the supply costs of CARB gasoline and blend stocks from outside California.

This report has been prepared for the sole benefit of the CEC. Any third party in
possession of the report may not rely upon its conclusions without the written consent of
Purvin & Gertz.

Purvin & Gertz conducted this analysis and prepared this report utilizing reasonable care
and skill in applying methods of analysis consistent with normal industry practice. All
results are based on information available at the time of review. Changes in factors upon
which the review is based could affect the results. Forecasts are inherently uncertain
because of events or combinations of events which cannot reasonably be foreseen
including the actions of government, individuals, third parties and competitors. NO
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE SHALL APPLY.

Some of the information on which this report is based has been provided by others.
Purvin & Gertz has utilized such information without verification unless specifically noted
otherwise. Purvin & Gertz accepts no liability for errors or inaccuracies in information
provided by others.

Two other consultants, Mathpro, Inc. (Mathpro) and Energy Security Analysis, Inc. (ESAI)
are preparing parallel reports on other aspects of the MTBE ban under separate contracts
with Acurex. Although the goals of the work are joint, the three consultants, Purvin &
Gertz, Mathpro and ESAI, are working independently and none is responsible for the work
or results of another. Neither Mathpro nor ESAI is responsible for any results presented in
this report.

1.2  PURPOSE AND BACKGROUND

There are legislative proposals in California which would ban or restrict the use of MTBE
as a gasoline blending component. MTBE is widely used in California as part of refiners’
efforts to comply with reformulated gasoline requirements imposed by the U.S.
Environmental Protection Agency (EPA) and the California Air Resources Board (CARB).
The California legislature has determined that prior to considering a ban or restriction on
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the use of MTBE as a gasoline component, CEC should study possible impacts on the
supply and cost of gasoline in California.

Three contractors were selected to participate with CEC in the study. Mathpro was chosen
to prepare linear program (LP) models of the California refining industry. These models
were to be used by Mathpro to estimate the capabilities of the refineries to produce CARB
gasoline under a variety of scenarios and to estimate the capital and operating changes
that would occur in the event that MTBE is banned or restricted under a variety of
scenarios. ESAI was retained to identify the supply costs of various oxygenate materials
as alternatives to MTBE. The results of this report by Purvin & Gertz would be combined
with results from ESAI by Mathpro as part of its LP analysis of the California refining
industry. Purvin & Gertz was chosen to combine the results determined by Mathpro and
ESAI into a final report for CEC reflecting the opinions of each of the individual
consultants. The scope of this study is limited to costs of external supplies of CARBOB.
Price impacts on other markets, the adequacy of marine infrastructure costs to
manufacture CARBOB within the state, oxygenate supply and cost issues and price
impacts to the consumer are covered in separate documents.

Policy recommendations regarding the path which should be followed with respect to the
MTBE ban or restriction are to be made by CEC. Purvin & Gertz makes no
recommendation in this report whether any particular policy option is superior to another.
The scopes of the reports of the consultants are confined to expert opinions of cost and
supply impacts. CEC is responsible for making any policy recommendations after giving
appropriate consideration to the reports of the consultants as well as to other information
as may be deemed appropriate by CEC.

1.3 SCENARIOS AND ASSUMPTIONS

The CEC effort encompasses many alternative cases so that each logical oxygenate is
reviewed and important legislative/regulatory alternatives are considered.

All of the cases evaluated in this study involve preparation of a CARB gasoline blend stock
in the distant location that could be shipped to California for further blending with the
selected oxygenate. This oxygenate-free material is referred to as “CARBOB”. The
CARBOB would be combined with the oxygenate material, ethanol, ETBE, TAME, or TBA,
after arrival in California. In our analysis we considered the quality of the final blend of the
CARBOB and the oxygenate to assure that the mixture would meet CARB gasoline
specifications.

The CEC study includes effects of both a California-only MTBE ban as well as a
nationwide MTBE ban. The range of cases considered is as shown below:
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The underlying assumption in all the cases is that MTBE would be banned. There is no
assumption of a mandate to use any specific oxygenate in any case. The oxygenate
alternatives were evaluated individually for purposes of clearly identifying costs and not as
a suggestion that banning MTBE implies a mandate to use any particular oxygenate in its
place.

Ethanol was evaluated in two ways. First, ethanol was evaluated using all existing
regulations. Second, ethanol was evaluated in the context of a one psi waiver of the Reid
Vapor Pressure (RVP) specification provided ethanol is blended at 10% by volume.

Three other oxygenate cases were considered: ETBE, TBA and mixed oxygenates. It was
considered likely that adequate ETBE or TBA capacity could be developed to allow these
materials to be produced to satisfy California requirements at some reasonable cost. The
mixed oxygenate case is based on an open mixture of materials including TBA, ETBE,
TAME and DIPE. The supplies of TAME or DIPE alone were thought not to be likely to be
adequate to meet all of California’s requirements in any reasonable case and therefore
these oxygenates were evaluated together with others on a mixed basis.

Finally, a case was evaluated in which no oxygenate at all was required. Since federal
laws and regulations as well as state laws and regulations govern the oxygen content of a
large fraction of California’s gasoline, modifications to federally-imposed requirements
would need to be made as a precondition to producing California’s gasoline supply as
anticipated by this case.

There may be air quality and other costs or benefits associated with one oxygenate or
another or one or more of the regulatory modifications reflected in these cases. This study
does not purport to evaluate any of those costs or benefits. The scope of the study is
limited to identifying sources and costs of accessing supplies of fuels of various types.

Oxygenate Regulatory Change

Ethanol None
Ethanol 1 PSI RVP Waiver
ETBE None
TBA None
Mixed Oxygenates None
None HR 630
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2. SUMMARY

2.1 METHODOLOGY

The methodology used to determine CARBOB supply curves is based on relating CARBOB
producibility in each of seven regions of the world to characteristics of the more suitable
refineries in that region. Refineries were evaluated using a “CARB Index” which measures
the presence of the types of refinery process equipment that are commonly found useful
for making CARB gasoline. Only those refineries with the highest probability of making
commercial quantities of CARBOB were evaluated further.

CARBOB production volume was established based on evaluating recombinations of
existing refinery gasoline streams rather than on fundamental reorientations of refinery
operations. The least expensive way for refineries to produce a new product typically
would be to select suitable materials from those already produced and simply blend the
new product using different recipes than those that had been used in the past. Some
volume of CARBOB can be produced in this way. A higher cost method would be to select
different crude oils for the refinery that were more suitable to the new product or to alter
refinery operating practices to produce more of the new product. An even more costly and
time consuming procedure would be to make capital improvements at the refinery that
would improve the ability of the refinery to transform any given crude oil into the new
product. This last and most extreme method would usually be justified only if a large
volume of the product were to be required, more than could be accomplished by the first
two methods, if the requirement were to be long term or if the product is particularly
valuable so the cost of the capital could be recovered. In this report, only the first type of
procedure is considered. In using this method, only the least expensive increments of
production were identified. In the event that this volume were inadequate to meet the
need, then more expensive and extreme steps would have to be anticipated but as this
report will show, these less expensive steps were adequate to identify reasonable volumes
of supply.

For the CARBOB-Capable group in each region, an estimate was made of the amount of
alkylate that could be diverted to manufacturing CARBOB. Alkylate is a relatively costly
refinery product that can be used to produce high value premium gasolines and aviation
fuels. Refiners would be unwilling to release all of their alkylate production because of
other high value uses.

Based on typical gasoline blend stock qualities for each region and the requirements of the
predictive model, the amount of CARBOB that could be blended from a given volume of
alkylate was estimated. Combining these ratios with the amount of alkylate that is
estimated to be available resulted in the volume of CARBOB that could be produced in
each region.

The cost of producing CARBOB from each region of the world was based on a buildup of
costs by type. Based on historical summer 1997 data, the prevailing gasoline price in each
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region of the world was established. The opportunity costs of producing some gasoline to
CARBOB required specifications and an allowance for ancillary costs were estimated. The
costs to ship the product to California including time value of holding inventory, direct
shipping costs, and terminaling charges in California were estimated. Provision was made
for refiner incentive over and above cost recovery.

Combining the cost and volume data for each region of the world resulted in a supply cost
curve for CARBOB. The results vary depending on some of the scenarios used. There is
inevitable uncertainty associated with determining supply curves in this manner that results
from future regulatory changes in supply areas, commercial factors related to contracting
for CARBOB supplies, fluctuations in refinery operations and other factors. The risk that
supply would actually be available increases at higher supply levels.

2.2 REFINING CAPACITY

There are approximately 730 refineries with about 76 million barrels per day of capacity in
the world outside California. These refineries produce about 17 million barrels per day of
gasoline. These refineries were grouped by region and each region was segregated into
two classes: those refineries with configuration characteristics consistent with some
possibility of manufacturing commercial quantities of CARBOB and those lacking those
characteristics. Table 2.2-1 summarizes the results of these analyses.

TABLE 2.2-1
REFINERY CAPACITY
(Barrels per Stream Day)

Total CARB Capable CARB Incapable
Refineries Capacity Refineries Capacity Refineries Capacity

Pacific North West 5 575,350      1 108,200      4 467,150      
U.S. Gulf Coast (USGC) 56 7,005,515   29 6,027,350   27 978,165      
Caribbean 14 1,733,900   2 865,000      12 868,900      
Europe 108 14,374,735 19 3,742,850   89 10,631,885 
Latin America 66 5,796,143   5 1,457,325   61 4,338,818   
Middle East 46 5,756,290   2 580,600      44 5,175,690   
Far East 176 17,707,312 16 4,094,236   160 13,613,076 
Other 255 23,037,723 42 7,136,388   213 15,901,335 _______ __________ _______ __________ _______ __________
TOTAL 726 75,986,968 116 24,011,949 610 51,975,019 

W2364/SEC_02.XLS

2.3 ALKYLATE AVAILABILITY

Some of the alkylate produced by CARBOB-Capable refineries could be made available for
blending CARBOB. Not all the alkylate from these refineries could be made available
because of other requirements for alkylate. Alkylate is an important component of EPA-
reformulated gasoline produced on the U.S. Gulf Coast (USGC) and is a component of
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high-value premium gasolines as well as aviation gasolines produced in all regions of the
world.

Alkylate availability is not influenced by the selection of which oxygenate is assumed to be
used in California. The influence of oxygenate selection is confined to the gasoline
blending which can occur using the released alkylate. Hence there are only two cases for
alkylate supply, a California-only MTBE ban and the nation-wide MTBE ban.

Based on discussions held with refiners and consideration of the other requirements for
alkylate, a set of alkylate availabilities was prepared.

Table 2.3-1 shows the total amount of alkylate estimated to be available from each region
of the world.

TABLE 2.3-1
ALKYLATE AVAILABILITY
(Barrels per Stream Day)

Alkylate Alkylate Availability
Capacity California MTBE Ban Nationwide MTBE Ban

Pacific North West 12,000     4,000             4,000             
U.S. Gulf Coast 503,000     86,000             43,000             
Caribbean 22,000     11,000             11,000             
Europe 158,000     27,000             27,000             
Latin America 84,000     25,000             25,000             
Middle East 27,000     8,000             8,000             
Far East 85,000     14,000             14,000             __________ __________ __________
TOTAL 891,000     175,000             132,000             

W2364/SEC_02.XLS

In most parts of the world, the availability of alkylate is not directly influenced by whether
an MTBE ban is imposed in California only or on a nation-wide basis in the U.S. It has
been assumed that there is no ban in other countries in either case. In the Pacific North
West, an MTBE ban would not be expected to affect summertime alkylate supplies. Only in
the USGC there would be a significant influence on alkylate supplies because of a relative
octane shortfall that could accompany a nation-wide ban.

As with most refinery intermediates and blendstocks, there is little trade in alkylate.
Consequently, while it is considered reasonable that refiners should be able to release
such quantities of alkylate as shown in Table 2.3-1, there is greater probability with
respect to neat alkylate than there is with finished CARBOB that refiners would be
reluctant to release these volumes in regular practice. Hence, these volumes will be used
directly to calculate CARBOB availabilities but it would be prudent to limit expectations for
purchased alkylate to a lower value of 100,000 barrels per day in the California only ban
cases and 75,000 barrels per day in the nation-wide MTBE ban cases.
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2.4 CARBOB/ALKYLATE RATIOS

Manufacturing CARBOB involves blending with alkylate other refinery gasoline streams of
varying qualities. The combination of these streams must, when mixed with the oxygenate,
meet CARB gasoline specifications. CARB specifications may be met by any of three
methods: flat limits, averaging limits, or predictive model. The predictive model is the most
flexible method and tends to maximize supplies of CARB gasoline from any set of blend
stocks. The ability of external refineries to produce CARBOB from alkylate was evaluated
in light of the predictive model.

All the CARB specification alternatives involve evaluating many gasoline properties that
are not well-reported around the world. Furthermore, there is some danger of over-
optimizing the gasoline blending. In light of the quality of the available data as well as to
reduce the danger of over-optimization, refinery regions were assigned to
CARBOB/Alkylate ratio classes.

The CARBOB/Alkylate ratio representative of each class was evaluated by using the
predictive model and typical gasoline blend stock qualities. Under normal circumstances at
least one to two barrels of other blend stocks could be combined with one barrel of alkylate
and meet CARBOB requirements. If refineries have reasonable levels of control of
benzene and sulfur in blend stocks, then blending two to three barrels of other blend
stocks with one barrel of alkylate is quite reasonable. If refineries have superior control of
contaminants then perhaps four to six barrels of other blend stocks can be combined with
one barrel of alkylate. The California refiners as a group operate in this upper range. Table
2.4-1 shows the CARBOB/Alkylate ratios used for each class.

TABLE 2.4-1
CARBOB/ALKYLATE RATIO CLASSES

Low 2.5
Medium 3.5
High 5.5

W2364/SEC_02.XLS

Each region and case was evaluated to determine the appropriate CARBOB/Alkylate class.
Table 2.4-2 shows the matrix of cases and classes that were used.
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TABLE 2.4-2
CARBOB/ALKYLATE RATIO CLASS ASSIGNMENTS

Ethanol Ethanol Mixed No
No Waiver Waiver TBA ETBE Oxygenates Oxygenate

Pacific North West Low Low Medium Medium Medium Low
U.S. Gulf Coast Low Low High High High Low
Caribbean Low Low Low Low Low Low
Europe Low Low High High High Low
Latin America Low Low Low Low Low Low
Middle East Low Low Low Low Low Low
Far East Low Low Low Low Low Low

W2364/SEC_02.XLS

Reviewing Table 2.4-2 shows that the number of different solutions is not as large as the
number of cases. Blending ethanol with no RVP waiver or with a waiver but at the 10%
level imposes restrictions on refiners that often lead to appreciably less CARBOB
availability. The same difficulty is encountered in the no oxygenate case. The
CARBOB/Alkylate ratio classes are the same whether the refiners are blending TAME,
ETBE, TBA, or mixed oxygenates. There would still be some difference in CARB gasoline
supply due to variations in the amount of oxygenate required to be blended with the
CARBOB.

2.5 COSTS OF SUPPLY

Supply costs were estimated starting with the prevailing price of gasoline in each market in
the summer of 1997. The prevailing price of gasoline in each market as represented by the
spot price is viewed as the alternative value of the blend stocks diverted to CARBOB
production. A cost element for direct processing costs was added. This cost is reflective
mostly of the opportunity to blend low cost butane with gasoline which is lost due to the
lower vapor pressure required to meet CARB specifications. A provision of 0.5 cents per
gallon of CARBOB was made for incidental direct costs such as costs to clear tankage,
extra laboratory testing, any extra energy costs that might be related to more severe
debutanization and the like. Octane credit is a negative cost element which captures the
unusually low octane to which CARBOB can be produced. The oxygenate with which
CARBOB is blended provides several octane numbers in most cases. A provision was
made for the extra costs to hold inventory including the time value of money incurred
during shipping and any cargo consolidation costs at the port of origin. Transportation
costs were determined based on Worldscale quotes for appropriately sized tankers on
international voyages and industry data for domestic voyages. A provision was made for
terminaling costs in California of 0.75 cents per gallon of CARBOB. A refiner margin of two
cents per gallon was added to reflect the need for reasonable profit to induce refiners in
distant locations to undertake the effort of making CARBOB.

None of these cost elements are sensitive to which oxygenate is under consideration
except for the processing costs and the octane credit. Processing cost varies because the
vapor pressure of the oxygenates is different. Likewise the amount of octane credit
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available depends on which oxygenate is used. Because the cost of only CARBOB and not
finished CARB gasoline is being determined, the cost figures are not sensitive to
oxygenate costs.

There is some risk that delivering large volumes of CARBOB, alkylate, or other products to
California and that shipping large volumes of non-CARB gasoline or intermediates away
from California might disrupt typically observed ship availabilities or costs. Since such
trade would be a very small fraction of international clean products movements, such risk
for international origins or destinations is considered small. Domestic shipments would
need to be moved using Jones Act carriers, the supply of which is much smaller. In the
long term, it would be possible, if appropriate contracts for use were in place, to build new
Jones Act carriers, or possibly even to reconfigure the domestic pipeline system to
accommodate some shipments. In the intermediate term, there would not be adequate time
to build new tankers and a Jones Act carrier shortfall could influence CARBOB or alkylate
supply patterns. In the event of a shortage of carriers, less efficient and more costly
foreign sources might be preferred.

2.6 SUPPLY CURVES

Table 2.6-1 shows the CARBOB supply curve for the California only MTBE ban. Each
increment of supply represents the supply from a region at the cost associated with that
region. The volume available from various sources is dependent on the availability of the
alkylate and the CARBOB/Alkylate ratio assigned to that region.

Table 2.6-2 shows the CARBOB supply curve for the nation-wide MTBE ban case. The
principal difference in these cases is the lowered availability from the USGC which occurs
because more Gulf Coast alkylate must be retained to meet challenges of an MTBE ban
east of the Rockies.

For reference, the average summertime 1997 spot price of CARB reformulated gasoline is
estimated to have been 63.7 cents per gallon. The historical CARB reformulated gasoline
price is not comparable to the CARBOB prices because the CARBOB must in most cases
be blended with an oxygenate to produce CARB reformulated gasoline. The costs of that
blending are not in this study.
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TABLE 2.6-3
EXTERNAL ALKYLATE SUPPLIES
CALIFORNIA ONLY MTBE BAN

Cost Volumes, B/D
Region ¢/Gal Region Cumulative

Europe 77.0    27,000  27,000    
Caribbean 78.4    11,000  38,000    
Latin America 78.1    25,000  63,000    
Pacific North West 79.7    4,000  67,000    
Far East 81.4    14,000  81,000    
U.S. Gulf Coast 81.5    86,000  167,000    
Middle East 82.1    8,000  175,000    

W2364/SEC_02.XLS

Table 2.6-3 shows the alkylate supply curve for all cases involving a California-only MTBE
ban. To the extent that alkylate is delivered to California, there is less alkylate available to
manufacture CARBOB in the exporting region. Table 2.6-4 shows the alkylate supply curve
for all cases involving the nation-wide MTBE ban.

TABLE 2.6-4
EXTERNAL ALKYLATE SUPPLIES
US WIDE MTBE BAN

Cost Volumes, B/D
Region ¢/Gal Region Cumulative

Europe 77.0    27,000  27,000    
Caribbean 78.4    11,000  38,000    
Latin America 78.1    25,000  63,000    
Pacific North West 79.7    4,000  67,000    
Far East 81.4    14,000  81,000    
U.S. Gulf Coast 81.5    43,000  124,000    
Middle East 82.1    8,000  132,000    

W2364/SEC_02.XLS

Uncertainty is associated with the alkylate availability for the same reasons as for the
CARBOB as discussed above. Furthermore, trade in refinery intermediates is considered
to carry more supply risk than trade in finished products and competing buyers for
available supplies may exist or develop. Consequently, notwithstanding that the supply
curves extend to the values shown in Table 2.3-1, it is recommended that limits of 100,000
barrels per day for the California only MTBE ban and 75,000 barrels per day for the U.S.-
wide MTBE ban be adopted for refinery modeling purposes.
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3. METHODOLOGY

This section presents the basic methodology that was used to estimate supply costs for
CARBOB from outside California. The goal of this study is to evaluate the supply curve for
CARBOB to California. Based on preliminary work prepared by CEC as well as comments
by refining industry representatives, it is anticipated that in many cases California
refineries could find the ability to meet CARB specifications reduced without MTBE. Since
California consumes about 900,000 barrels per day of gasoline and part of that fuel is
expected to be supplied by the California refineries, the external supply range of greatest
interest is zero to several hundred thousand barrels per day.

There are about 750 refineries in the world with a total capacity of about 78 million barrels
per day. The world’s refineries vary extremely widely in feed stocks, operating goals, level
of process sophistication and prevailing product specifications. Some refineries are simple
topping plants that do little more than separate components naturally occurring in local
crude oils into products. Such plants either do not produce gasoline or use tetra-ethyl lead
or similar compounds to produce gasoline. The gasoline produced might be of very low
octane, unsuitable for modern high-performance engines such as those found in the
California automotive fleet. Most of the other refineries that produce gasoline rely primarily
on processes like reforming that produce gasolines similar to those found in the U.S.
twenty years ago. A few refineries are very highly sophisticated producing high quality
products similar to CARB gasoline from a variety of crude oil types. Most of the refineries
in the world are expected to be irrelevant to external CARBOB supplies and only a fraction
of the world refineries will contribute to such supplies.

California’s gasoline requirements are very small compared to world petroleum markets.
The world’s refineries produce about 17 million barrels per day of gasoline and total
products of about 70 million barrels per day. The supply volume of interest to this study is
perhaps one to three percent of total world gasoline output or substantially below one
percent of total world refined products output.

Opportunistic blending is the most likely method to be used for producing external
CARBOB supplies. In the event that MTBE is banned in California and refineries outside
the state are called on to supply CARBOB to the state, it is considered unlikely that distant
refineries would make substantial investments to provide the fuel or reorient their
operations toward supplying the distant market. Historically the U.S. West Coast has been
a geographically isolated and fairly self-sufficient market accepting only small volumes of
imports. From a real-world perspective, it is more likely that refineries already possessing
useful blend stocks in reasonable volumes would either produce the fuel from those
available blend stocks or would sell blend stocks to intermediaries who would aggregate
such stocks from various refiners into commercial scale cargoes meeting applicable
specifications.

The very small proportion of total refined products output that would be desired for
California indicates that a refinery modeling technique relying on aggregations of large
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numbers of refineries would be unreliable for evaluating supply costs. Such techniques
would be subject to over-optimization for which no practical and reliable correction has
been identified. Because of the large number of refineries it was impractical to model each
refinery or even small groups of refineries. Finally, because the real world response to the
possible supply problems posed by an MTBE ban is more likely to be one of opportunistic
blending rather than fundamental shifts in refinery operations, approaches to supply cost
estimation based on shifts in operations are considered to be impractical.

The technique chosen to resolve the problem is based on estimating the opportunity cost
of diverting high quality blend stocks to producing CARBOB for California rather than
conventional products for local markets. To the opportunity cost of the blend stocks,
estimates of identifiable additional direct costs as well as refiner incentive have been
added. Differences among opportunity costs from different areas of the world result from
different prevailing prices in those areas. Direct cost differences can arise from
transportation cost differences and other similar factors. The major steps in the analysis
are outlined in this chapter.

3.1 DIVISION OF WORLD INTO REGIONS

The world was divided into seven regions that may have some capability to provide
CARBOB to California. These regions were defined by CEC at the outset of the study.
Table 3.1-1 lists the regions which were considered:

TABLE 3.1-1
WORLD SUPPLY REGIONS

Pacific North West
United States Gulf Coast (USGC)
Caribbean
Europe
Latin America
Middle East
Far East

W2364/SEC_03.XLS

The Pacific North West includes all the refineries within the state of Washington that can
make gasoline. There are no refineries in Oregon that can make gasoline of any type.

The USGC includes the refineries in Petroleum Administration for Defense District (PADD)
III. PADD III includes Texas, Louisiana, Mississippi, New Mexico and Alabama.

Caribbean includes the refineries in the U.S. Virgin Islands, Puerto Rico and island nations
in the Caribbean. Caribbean has been defined to include refining centers in Aruba and
Curacao near the coast of South America.

Europe includes refineries with coastal access in Europe including the UK, France,
Germany, Italy, Netherlands, Austria, Belgium, Denmark, Finland, Greece, Ireland,
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Norway, Portugal, Spain, Sweden and Turkey. Two insignificant refineries in landlocked
Switzerland have been included but do not influence the results of the analysis.

Latin America includes refineries in Mexico, and continental Central and South America.

Middle East includes the refineries in Abu Dhabi, Saudi Arabia, Iran, Iraq, Bahrain, Israel,
Jordan, Kuwait, Oman, Qatar, Syria, and Yemen.

Far East includes the region from Pakistan to Japan and from China to New Zealand.

3.2 INTERVIEWS AND DISCUSSIONS

Discussions were held with representatives of each refiner in California producing CARB
gasoline. As part of this interview process aspects of refinery operations important from a
technical point of view to meeting CARB gasoline quality were identified. Further
discussions were held with representatives of refiners who had historically provided
imported CARB-complying gasoline as well as with representatives of other refiners and
groups outside the state of California who could be reasonably expected to have insights
into the possibility of fuel being provided from each region. These discussions were used
to devise assessment criteria as well as cost factors that could be used to develop supply
curves for CARBOB from outside the state.

3.3 CARB CAPABILITIES ASSESSMENT

Assessment criteria were developed that relate to the ability of refineries to produce
CARBOB to refinery size and configuration. Variations on the assessment criteria were
considered in light of the comments made by industry participants as well as a technical
review of the suitability of various streams to produce CARBOB. A model was developed
that scored each refinery in the world on the assessment criteria. The model is intended to
provide relative capability measurement based on indicated process capability and not an
absolute measure of a refinery’s capability.

3.4 ALLOCATION OF REFINERIES INTO CAPABILITY CATEGORIES

Based on the results of the CARB Capabilities Assessment, each refinery in the world was
allocated into one of two groups: those with a reasonable prospect of producing
commercial quantities of CARB gasoline and those for which producing commercial
quantities of CARB gasoline is unlikely to be practical.

3.5 KEY COMPONENT AVAILABILITY

Estimates were prepared of the total production of key CARBOB components in each
region. The most critical component was identified as alkylate. Other important
components include desulfurized straight run gasoline, hydrocrackate and reformate. An
estimate was made of the volume of alkylate that could be made available for CARBOB
production. The most intense reviews of alkylate availability were made for the Pacific
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North West and USGC areas and were based on refiner comments as well as minimum
requirements for other uses of alkylate.

3.6 CARBOB PRODUCTION RELATIONSHIPS

Typical gasoline blend stock characteristics for the various areas were reviewed in the
context of the requirements of the predictive model. These reviews were used to estimate
the relationship between the volume of potential CARBOB production and the volume of
alkylate available for each region. The relationships between alkylate and CARBOB for the
regions are variable based on the availabilities and qualities of the other blend stocks.

3.7 REGIONAL CARBOB CAPABILITY

An estimate was made of the volume of the gasoline produced from CARBOB-Capable
refineries that could be produced as CARBOB gasoline. The volume of CARBOB was
determined from the estimated volume of alkylate that could be made available and the
relationship between CARBOB and alkylate for each region.

This step determines the volume of CARBOB that could be supplied from each region.

3.8 COST BASIS

A cost model was established that estimates total cost to supply CARBOB to California
based on certain cost components including:

TABLE 3.8-1
CARBOB COST ELEMENTS

Local Gasoline Price
Processing Cost
Inventory Cost
Transportation Cost
Refiner Margin

W2364/SEC_03.XLS

Each cost element was estimated for each region.

Local gasoline price was estimated relative to California gasoline prices based on historical
relationships from the summer of 1997. This period was selected to be consistent with the
price data used by Mathpro and ESAI. This element was included to reflect the market
reality that refiners would be reluctant to price gasoline supplies away from local markets
unless at least the locally prevailing price plus all cost elements would be provided.

Processing cost refers to costs incurred within the refinery to manufacture CARBOB
instead of the local gasoline grade. These costs include the costs incurred to assign
valuable blend stocks preferentially to CARBOB production rather than to regional gasoline
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production and costs incurred within the refinery to make small adjustments to processing
or to make product segregations. The principal elements of the processing cost are debits
and credits associated with butane blending, mostly vapor pressure. A small allowance
was made for other costs such as laboratory testing, more severe debutanization and other
incidental costs in the refinery.

Octane credit/debit refers to the cost element associated with the difference between the
prevailing octane specification in the market and the required octane for the CARBOB.
Gasoline price quotations carry with them octane specifications the fuel must meet.
Because CARBOB is to be blended with high octane oxygenates on delivery to California,
its octane specification can be much lower than most fuels. Refiners can benefit from this
factor either in producing more higher octane premium fuel for their regional markets or by
reducing processing severity improving yields and reducing costs. This factor generally
reduces the cost of CARBOB.

Inventory holding costs refer to costs to consolidate cargo-quantities of CARBOB. These
costs include a provision for terminaling costs at the point of origin as well as time value of
holding inventory during shipping. The time value of holding the inventory is limited to
costs of working capital and excludes any factor related to risk management or market
changes during shipping.

Transportation costs refer to the costs to provide marine transportation and destination
terminaling for CARBOB from the source to California points of entry. These costs are
estimated based on prevailing shipping rates based on Worldscale with appropriate
adjustments for ship size and condition for international movements and typical costs
reported by market participants for domestic movements.

Refiner margin is the element over and above identifiable costs to provide adequate
incentive for the out of state refiner to undertake the risks and efforts necessary to
produce CARBOB.

3.9 SUPPLY CURVES

Based on CARBOB volumes from each region and their cost, supply curves were
developed for each relevant case.
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4. REFINING CAPACITY

In this section the total refinery capacity in each region is identified and discussed. Basic
information about the refineries was taken from the Oil & Gas Journal Worldwide Refinery
database. There were a few modifications of this data based on information developed
independently by Purvin & Gertz.

4.1 PACIFIC NORTH WEST

Table 4.1-1 shows the refineries in the Pacific North West region. There are seven
refineries in the region though this total includes two that are incapable of producing any
gasoline: Chevron Seattle and Sound Tacoma. Of the remaining five refineries, four are
affiliates of California refiners though the Shell refinery in Anacortes is being sold pursuant
to an agreement with the Federal Trade Commission.

The ARCO refinery at Cherry Point is classified as a coking refinery but the facility has a
hydrocracker, not the more common Fluid Catalytic Cracker (FCC). The Texaco refinery at
Anacortes is also classified as a coking refinery. The Shell and Tosco refineries are
classified as cracking refineries. The U.S. Oil & Refining facility is classified as a
hydroskimming refinery.

The Pacific North West region is considered generally short of petroleum products. A large
volume of products carried by pipeline are delivered to Portland, Oregon from Puget Sound
refiners and is supplemented by products from California, other U.S. points of origin and
even foreign sources. Nevertheless, there is considerable waterborne traffic in petroleum
products south to California destinations, mostly in Los Angeles. Since so much of the
capacity in the Pacific North West is controlled by California refiners, opportunities exist to
optimize the systems of both areas together.

4.2 U.S. GULF COAST

Table 4.2-1 shows the USGC refineries. For purposes of this report the Gulf Coast has
been defined to include all of PADD III. The bulk of these refineries are located in Texas
and Louisiana with a small fraction of regional capacity found in Mississippi and Alabama.
A small amount of the capacity included as Gulf Coast is in inland regions of West Texas
or New Mexico. The Gulf Coast region contains many large sophisticated refineries and 21
of the refineries are classified as coking refineries. Another 16 are cracking refineries and
the balance are unsophisticated hydroskimming and topping refineries.

Fourteen of the Gulf Coast refineries are affiliated with California refiners. These refineries
represent forty percent of all capacity on the USGC.

PADD III refineries process far more crude oil than is needed to satisfy regional demand.
Products from PADD III refineries are carried by major pipeline systems into East Coast
and Midwest markets, and supply some parts of the Rocky Mountains, Arizona and
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northern Mexico. Inexpensive waterborne transportation allows cargoes from coastal
refineries in PADD III to be shipped to foreign destinations which occurs from time to time.
PADD III has been an historical supplier of occasional product shortfalls in California.

Only the Valero refinery in Corpus Christi was identified as an historical producer of CARB
gasoline. Other Gulf Coast refineries are believed to have considered producing CARB
gasoline in the past but not to have done so.

While the Gulf Coast refining industry is very large and has a justifiable reputation as
being very sophisticated, the fraction of gasoline produced as reformulated actually is
fairly limited by West Coast standards. Only about 18% of the gasoline produced in PADD
III conforms to EPA reformulated fuel standards. That product is consumed in the Houston,
Texas area which requires such fuels and is shipped to markets on the East Coast. Other
market areas which consume large volumes of Gulf Coast products do not require
reformulated gasoline.

The scale of the refining industry on the Gulf Coast, its proximity to California and
historical role as an incremental California product supplier, and the large volume of
alkylation capacity found on the Gulf Coast all suggest that these refineries would be
logical suppliers of substantial volumes of CARBOB. The scarcity of historical CARB
gasoline shipments from the Gulf Coast is thought to be primarily a cost and profitability
issue rather than one of technical capability.

4.3 CARIBBEAN

Table 4.3-1 shows the Caribbean refineries. None of these is affiliated with any California
refiner. Of these refineries, four are cracking refineries while the other ten are less
sophisticated. Hess Oil Virgin Islands is the only historical producer of CARB reformulated
gasoline in the region.

Several of the Caribbean area refineries are major product exporters. These include Hess
in the Virgin Islands, Coastal in Aruba and Refineria Isla Curazao in Curacao. Of these
three, Hess is the only one believed to be a regular manufacturer of U.S. reformulated
gasoline. The others process heavy Venezuelan crude oils making lower quality products
mostly for South American markets.

Most the refineries in the Caribbean are unlikely suppliers of CARB gasoline. The
orientation of most of the refining capacity toward markets with lax specifications and
historical disinterest by these refineries in supplying even EPA reformulated fuels suggests
that they will not be a likely source of supply beyond the Hess refinery.

4.4 EUROPE

Table 4.4-1 shows the refineries in Europe. European refineries are a very diverse group
including some very simple capacity and some extremely complex facilities. Twenty-three
of the European refineries are affiliated with California refiners. These refiners represent
about one quarter of all the refining capacity in Europe.
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European refiners are an important source of imported refined products for the U.S.
Imports originate mostly in Northwest Europe, particularly the U.K. and Rotterdam area
refiners. The Neste Oy refinery in Porvoo, Finland, has produced CARB gasoline and
routinely manufactures gasoline for export to the East Coast of the U.S. Finnish refinery
capacity exceeds domestic requirements so the country is a regular exporter but it is a
relatively low ranking source of imports for the U.S.

The growing sophistication of the European industry and the advent of some form of
European Community reformulated fuels in the foreseeable future and their historical role
as U.S. gasoline suppliers makes these refiners reasonable prospects for manufacturing
CARBOB. Just as California refiners became more sophisticated when CARB reformulated
fuels were mandated, the European refiners also are likely to become more sophisticated
as European specifications are tightened. There is some prospect that marginal refiners
will close their operations rather than invest for reformulated fuels and that more
sophisticated refiners will expand to take their place. While the demand for the highest
quality products will increase, the supply of such products also will increase as more
refiners modify their operations to reduce sulfur content, benzene content and other
environmentally unattractive attributes of their gasoline.

4.5 LATIN AMERICA

Table 4.5-1 shows the refineries in Latin America. The region covered by this designation
includes Mexico and all of the Central and South American land mass. Island nations in the
Caribbean including the islands off the coast of Venezuela, Trinidad, Curacao and Aruba,
are not defined in this region and have been handled separately. The greatest
concentration of Latin American capacity is in Argentina, Brazil, Mexico and Venezuela.
Regional capacity is about 5.9 million barrels per day. About half the refineries in Latin
America are simple topping or hydroskimming refineries. There are twenty seven cracking
refineries and seven coking refineries in the region.

Five of the Latin American refineries are affiliated with California refiners. These refineries
represent only about four percent of regional capacity.

Latin America has several major product exporting nations. The most important for the
U.S. market is Venezuela which provides products primarily to East Coast markets. Brazil
and Argentina export mostly to regional markets. Mexico, a large crude oil producer, is a
net product importer and receives products from U.S. refiners mostly on the Gulf Coast.

4.6 MIDDLE EAST

Table 4.6-1 shows the 46 refineries identified in the Middle East. These refineries have a
total capacity of about 5.8 million barrels per day. Most Middle East refineries have simple
configurations though there are some large, relatively sophisticated refineries oriented
toward product exports.



24 -- Refining Capacity California Energy Commission

P

Two of the Middle East refineries, both in Saudi Arabia, are affiliated with California
refiners. These two facilities have about 600,000 barrels per day of capacity, or about 11
percent of regional refinery capacity.

The Middle East has considerable export-oriented refinery capacity. These refineries are
used to process local crude oils which otherwise would be exported into products prior to
export.

The combination of sour crude oil qualities, relatively lax product specifications in
traditional markets and poor sophistication, makes Middle East refiners as a group unlikely
CARBOB suppliers. Simple configurations combined with sour crude quality indicates that
most refineries are likely to have difficulty meeting CARB sulfur specifications. Most
Middle East product export is naphthas, distillates and high sulfur residual fuel oil
products. Gasoline is a relatively low volume export from most areas. Most of the markets
served by Middle East refineries lie in Asia and East Africa. Markets which rely heavily on
Middle East imports tend to use high sulfur products and at best moderate gasoline
qualities.

4.7 FAR EAST

Table 4.7-1 shows the refineries in the Far East. About one third of these refineries are in
China, mostly small simple facilities. Another quarter are in Japan. The balance are very
widely distributed.

Far East markets are quite diverse and product quality specifications vary widely. Some
refiners process exceptionally sweet crude oils reducing the likelihood of sulfur difficulties.
There are many aromatics extraction plants which would be beneficial in removing
objectionable aromatics and benzene from some gasoline streams. Many Far Eastern
markets are now consuming unleaded gasoline though reformulated fuels programs are
still in the future.

Major refining centers in Japan, Korea, Singapore and China hold the promise of supplying
some CARBOB. Some of the facilities are fairly sophisticated and utilize attractive
hydrocracking technology. Hydrocracking is used in many Asian refineries rather than the
more common FCC technology in order to maximize distillate yields. Distillates are more
important products in the Far East than they are in most other markets. A benefit of
hydrocracking is that it also produces very low sulfur gasoline streams that can be useful
for manufacturing CARBOB.

4.8 OTHER

There are areas of the world that are excluded from this analysis mostly because they
have little prospect of supplying gasoline to California at all. These areas include Canada,
central and Rocky Mountain areas of the U.S., the U.S. East Coast, the Former Soviet
Union (FSU) and Central Asia, and Africa. Canada has insignificant refining capacity on
the West Coast and is an impractical California supplier from other Canadian regions for
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logistical reasons. The Rocky Mountain areas of the U.S. have scant refining capacity and
no practical method of delivering significant volumes of gasoline to the West Coast.
Likewise the central U.S. has no practical method of delivering to the West Coast. The
U.S. East Coast is a major gasoline importing region and therefore is an unlikely source of
fuels for California. FSU and Central Asia has little ability to produce high quality fuels of
any type and certainly not CARB gasoline. Furthermore, FSU refineries are not logistically
positioned to be ready fuel exporters of waterborne cargoes. Africa is an impractical
supplier of products and does not generally export refined fuels of any type.

Notwithstanding that the areas discussed above were excluded from the study areas, their
refinery capabilities were scanned nevertheless to identify any refineries likely to be able
to manufacture CARBOB. While there are some refineries, particularly on the East Coast
of the U.S., that can manufacture high quality fuels, no refineries were identified that
would have a reasonable prospect of supplying CARBOB to California in these areas. On
the basis of this review, the original region descriptions were reconfirmed for further
analysis.

Table 4.8-1 shows the capacity of refineries in the U.S. that were excluded from the
analysis. This includes all the California refineries and the other states not expected to
contribute to external supplies.

Table 4.8-2 shows the capacities of refineries outside the U.S. that are not included in the
supply areas. Though there is nearly 16 million barrels of capacity in these refineries,
there is an aggregate of only about 50,000 barrels per day of alkylation capacity. Apart
from the logistical problems that preclude most of these refineries from contributing to
external CARBOB supplies, their low level of technical sophistication suggests they
wouldn’t be able to manufacture appreciable volumes of CARBOB.

Table 4.8-3 shows the refineries in the Other U.S. region that are affiliates of California
refiners. Table 4.8-4 shows the refineries in the Other region that are affiliates of California
refiners.
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5. TECHNICAL ASPECTS OF MANUFACTURING REFORMULATED
GASOLINE

Technical aspects of manufacturing CARB reformulated gasoline were used to segregate
refineries according to their likelihood of being able to meet the CARB specifications.
CARB gasoline specifications are the most restrictive automotive gasoline specifications in
the world that are widely applied. Meeting the specifications requires refinery equipment
not commonly found in all locations.

In this chapter the CARB specifications are reviewed and these specifications are
contrasted with typical specifications in other parts of the world. Then the most important
features of CARB gasoline blend stocks are identified. Next the key process units that are
important to producing CARBOB are discussed. Finally, the problems that refiners in other
regions might have in producing CARBOB are reviewed. These discussions set the stage
for steps to quantify how much CARBOB refiners in other regions are likely to be able to
produce.

5.1 REVIEW OF CARB GASOLINE SPECIFICATIONS

CARB gasoline can be blended using one of three options. First, the refinery may elect to
meet “flat limits”. Second, the refinery may use averaging. Third, the refinery may use the
predictive model.

The system of flat limits establishes a fixed set of gasoline quality criteria, shown in Table
5.1-1. The refiner or importer must ensure that each blend or cargo meets the fixed
criteria.

TABLE 5.1-1
CARB REGULATIONS

Quality Flat Limit

RVP PSIA Max 7
Sulfur PPM Max 40
Benzene Vol % Max 1
Olefin Vol % Max 6
Oxygen
T50 Deg F Max 210
T90 Deg F Max 300
Aromatics Vol % Max 25

W2364/SEC_05.XLS

As opposed to meeting fixed limits, a refiner or importer may satisfy CARB requirements
by providing gasoline that meets CARB limits on average, even though any individual
batch or cargo may not meet the average limits. In order to use this option, the refiner or
importer must meet average limits that are somewhat more stringent than the flat limits.
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Also, each cargo is limited in how far out of range it can be and there are “cap limits” that
must not be exceeded by any individual batch or cargo. The averaging limits and cap limits
are shown in Table 5.1-2.

TABLE 5.1-2
CARB REGULATIONS

Quality Averaging Limit Cap Limit

RVP PSIA Max 7
Sulfur PPM Max 30 80
Benzene Vol % Max 0.8 1.2
Olefin Vol % Max 4 10
Oxygen 2.7
T50 Deg F Max 200 220
T90 Deg F Max 290 330
Aromatics Vol % Max 22 30

W2364/SEC_05.XLS

The predictive model allows refiners to meet CARB requirements by use of a complicated
set of equations. The equations correlate vehicle emissions performance to fuel qualities.
Refiners or importers may determine a set of specifications that have satisfactory
emissions characteristics according to the predictive model and submit those
specifications to CARB. Cap limits still apply and prevent complete freedom on any
particular quality characteristic. The predictive model has proven to be very useful to
refiners and is widely used to define quality characteristics of California gasoline.

5.1.1 Vapor Pressure

At 7 PSIA or about 48.3 kilopascals, the summertime Reid Vapor Pressure (RVP)
specification of CARB gasoline is extremely low by international standards. California
manufacturers have responded to these requirements by installing equipment to ensure
thorough debutanization of most gasoline components and by depentanizing many
streams. Summertime gasoline blending in California uses pentane for vapor pressure
control, not the more common butane.

 In most other parts of the world, summertime gasoline RVP limits are between 9 and 11.5
psia. These limits have been determined mostly by vehicle performance characteristics
including the requirement to avoid gasoline vaporizing in the fuel lines, known as “vapor
lock”.

5.1.2 Sulfur

CARB gasoline specifications have very low sulfur requirements. Gasoline in much of the
world is blended to specifications of 1000 to 1500 ppm while the CARB flat limits call for
40 ppm. Manufacturing gasoline to such low sulfur levels requires desulfurizing most
streams including straight run gasolines and FCC feed stocks and/or FCC gasolines.
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5.1.3 Benzene

CARB’s flat limits call for 1.0% benzene content. In most of the world benzene levels are
much higher, up to 5% in some markets. In a few European markets lower benzene levels
are being developed but refiners have yet to manufacture such low levels in most
locations. Benzene limits are met either by controlling benzene precursor levels in
reformer feed stocks or by benzene extraction or saturation. There is very little West Coast
market for benzene so benzene extraction is not widely practiced in California. Benzene is
a valuable commodity in areas with large petrochemical industries and so there are many
benzene extraction plants around the world to satisfy petrochemical demand. Refiners in
other parts of the world have not adopted the benzene control strategies based on
precursor control or saturation employed by California refiners. Gulf Coast refineries which
must produce gasoline with limited benzene content follow benzene control strategies
similar to those employed in California.

5.1.4 Olefin

CARB’s flat limits call for 6% olefin content. In most parts of the world there are no olefin
specifications. Markets that rely on catalytic cracking conversion to manufacture gasoline
and use FCC gasoline as a high volume blend stock would be expected to have difficulty
meeting stringent olefin specifications. Olefins are produced by such cracking and are
concentrated in FCC gasoline. Refiners that rely more heavily on hydrocracking technology
would not find high olefin content in their gasoline pools since hydrocrackers do not
produce olefins.

5.1.5 Oxygen

CARB specifications do not require any minimum oxygen content. Likewise most countries
do not require oxygen in gasoline. A few countries have adopted minimum oxygen
requirements, usually using MTBE or other ethers.

5.1.6 Distillation

CARB specifications call for limits on boiling point at the 50% distilled and 90% distilled
levels, T50 and T90. These are more stringent than those encountered in most other
markets. However, since many other markets maximize kerosene and distillate production
rather than gasoline, meeting T90 and T50 limits may not represent a particularly troubling
challenge to some refiners.

5.1.7 Aromatics

Aromatics content of CARB gasoline is limited to 25% in flat limits gasoline. Most other
parts of the world do not have aromatics limits and gasoline aromatics level can be much
higher. Aromatics are high in reformates and FCC gasolines, both mainstays of gasoline
volume and production and octane enhancement in most countries.
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5.2 ABILITY TO MEET CARB SPECIFICATIONS

Differences between CARB specifications and those found in potential exporting regions
limit the ability of other areas to supply CARB gasoline. Potential exporting refiners have,
as a group, been obligated to meet only much less stringent specifications. Refiners in
locations outside California have not invested as heavily as California refiners have in the
kinds of processing important to making CARB gasoline. As a result they cannot produce
as much of their gasoline to meet CARB specifications as the California refiners can. From
a blend stock point of view, they have fewer blend stocks with suitable qualities and more
blend stocks with objectionable qualities.

Alkylate is the ideal CARB gasoline blend stock. Alkylate contains no olefins, no sulfur, no
aromatics, no benzene and has low vapor pressure. Alkylate has attractive octane
characteristics. There is no property relevant to CARB gasoline in which alkylate has poor
characteristics. Alkylate from California refiners and that produced elsewhere is essentially
the same in all respects.

There are other blend stocks which, though attractive from some points of view, have
shortcomings for manufacturing CARB gasoline. These blend stocks often have different
characteristics elsewhere than are found in their California counterparts.

Light hydrocrackate has virtually no sulfur, no benzene, no olefins and low aromatics.
However, light hydrocrackate has poor octane characteristics which must be offset by
some other component and also has high vapor pressure. California refiners distill their
hydrocrackate somewhat differently than most refiners elsewhere but otherwise the
materials are quite similar.

Reformates have no sulfur, no olefins, low vapor pressure and high octane, but have
appreciable benzene and high aromatics. Reformates in most other regions have much
higher concentrations of benzene than California reformates limiting their usefulness for
CARBOB.

Desulfurized straight run gasoline has low benzene, no olefins and low sulfur but have
relatively high vapor pressure and poor octane. In many areas straight run gasolines are
not desulfurized and distillation characteristics may be different. California straight run
gasolines tend to be slightly heavier than those elsewhere due to steps taken for benzene
control in reformate.

FCC gasoline in California tends to be highly fractionated with some desulfurization
available. FCC feed stocks tend to be hydrotreated and have quite low sulfur content
limiting the sulfur content of raw FCC gasoline in California. Refiners elsewhere tend not to
fractionate their FCC gasoline into as many components and almost never remove sulfur
from the FCC gasoline itself.

Many refinery gasoline blend stocks found outside California are not practically usable to
manufacture CARB gasoline. Conventional reformate has very high benzene content and
high end point which severely limit how much of this material can be used in CARB
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reformulated gasoline. Many FCC gasolines have very high sulfur content which would
prevent them from being more than a few per cent of a CARB gasoline blend regardless of
what other components were used. Such blend stocks are useful where they are produced
because prevailing gasoline specifications in those areas are much less stringent than
CARB specifications. Using such blend stocks for making CARBOB is possible but limited
by the refiner’s ability to find appropriate combinations of blend stocks such that all
requirements are met.

Typical blend stocks available in refineries outside California were evaluated to determine
the refiner’s ability to produce CARB gasoline with those blend stocks. The blend stocks
produced outside California are generally not designed to maximize CARB gasoline volume
and are oriented toward other types of specifications. Suitability for producing CARB
gasoline is more or less a coincidence for those blend stocks rather than a specific goal.

Some regions have more suitable blend stocks than others. For example, many USGC
refiners produce EPA reformulated gasoline and will be complying with the more stringent
EPA specifications to be in place after 2000. Hence such refiners already have taken steps
to reduce contaminants such as benzene and sulfur. Refiners in other markets such as
Latin America have not been called on to produce appreciable quantities of EPA or other
reformulated gasoline. In some markets octane-enhancing compounds containing lead
(TEL and TML) are still being phased out. In those markets benzene and sulfur limits tend
to be much higher. Processing steps used in the U.S. to reduce air toxics have not been
universally adopted and blend stocks in other areas can be much higher in objectionable
compounds than those found in, for instance, the USGC.

5.3 IMPORTANT FEATURES OF CARB BLEND STOCKS

As described more completely in Section 7.3, possible blends of gasoline using blend
stock qualities typical of each region were evaluated. The blends were evaluated using the
predictive model to determine how well blend stocks from each region could be used to
produce CARBOB. At this point in the analysis, these blend results were used to identify
important characteristics of CARBOB that most limit blending opportunities and to identify
key blend stocks and process units. Blend stock qualities were used with the assumption
that no special control strategies were employed.

The most difficult features of CARBOB to meet will be low sulfur content and low vapor
pressure. CARB sulfur limits are so low that many common gasoline streams could be
used only in insignificant amounts without exceeding allowable levels. Refiners who are
not equipped to thoroughly debutanize gasoline components may find it very difficult to
manufacture CARB gasoline.

Sulfur control capability can be estimated by review of publicly available refinery
configuration information and knowledge of the typical sulfur contents of various gasoline
blend stocks. For each refinery, the capacity for naphtha desulfurization was compared to
reformer capacity. Reformer feed stock must always be desulfurized but naphtha
desulfurizers also can remove sulfur from light straight run gasoline that can be used for
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CARBOB blending. Refineries with a high level of excess naphtha desulfurization are
considered likely to have available low sulfur straight run gasoline while those without such
capability would have only higher sulfur straight run gasoline. FCC gasoline desulfurization
is an unusual process and is not well reported. It was assumed that refineries outside
California could not desulfurize FCC gasoline. FCC gasoline sulfur levels were assumed to
be related to the type of crude being processed. However, FCC gasoline sulfur levels are
typically high enough to severely limit its use in CARBOB blends regardless of crude type.

There is no reliable way to estimate the debutanization capability of refineries from publicly
available data sources. As a practical matter, all refineries have some ability to remove
butane from gasoline blend stocks. The degree of such capability, that is the minimum
vapor pressure to which any particular stream can be produced, cannot be deduced from
publicly available statistical data. For purposes of this study it has been assumed that
existing debutanization systems can be used to reduce gasoline blend stock vapor
pressures to required levels, about 6-7 psia. This assumption is believed not to introduce
appreciable overestimation of CARBOB capability.

Other CARBOB specification requirements, T50, T90, olefin, benzene, and aromatics,
while difficult to meet if all of a refinery’s gasoline is to be produced as CARB, can be
readily handled by selected blending for a small part of gasoline production.

5.4 KEY PROCESS UNITS

The key process units contributing to an ability to produce CARB gasoline are considered
to be alkylation, naphtha desulfurization, hydrocracking and aromatics extraction. Alkylate
is the best blend stock for CARB as it has favorable characteristics on all counts and the
alkylation process reduces objectionable olefins in other blend stocks. Naphtha
desulfurization, in excess of the desulfurization of reformer feed stocks, is considered an
important indicator of ability to control gasoline sulfur content and produces important light
gasoline components substantially free of objectionable sulfur or olefins. Hydrocracking
products also lack objectionable sulfur and olefins and light hydrocrackate is a suitable
substitute for desulfurized light straight run gasoline in manufacturing CARBOB. Aromatics
extraction can be used to remove excess aromatics from otherwise acceptable reformate
which is low in sulfur and olefins. Aromatics raffinate has poor octane characteristics and
relatively unattractive high boiling ranges but may be a useful adjunct to other available
blend stocks.

Alkylation, naphtha desulfurization, hydrocracking and aromatics extraction are considered
useful indicators of CARB gasoline manufacturing capability. Refiners lacking appreciable
amounts of all these types of processing are considered unlikely candidates to be able to
manufacture commercially significant quantities of CARB gasoline. Other types of refinery
processing such as FCC, reforming and coking, are relevant to a refiner’s ability to
produce gasoline but are not key to producing CARBOB.
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6. SCREENING CRITERIA

Two indexing systems were established to allow the review of capabilities of the world’s
refineries. The CARB Index is a relative measure of the presence of the types of
processing associated with an ability to produce CARB gasoline. The Gasoline Production
Index (GPI) is a broader measure of the presence of the types of processing associated
with an ability to produce gasoline of any quality.

6.1 CARB INDEX

The CARB Index is a relative measure of the presence of the types of refinery process
equipment associated with an ability to produce CARB gasoline. High CARB index does
not assure that a refinery will be able to produce CARB gasoline. Some types of equipment
needed to produce CARB gasoline such as sufficient storage and segregation capability
are not reported and refineries vary in their other burdens and ability to make available for
CARB blending high quality materials produced from CARB Index units. Similarly, a low
CARB index does not necessarily preclude the facility from producing any CARB gasoline.
Some facilities underreport capabilities and sometimes key blend stocks can be acquired
from outside the refinery. The CARB Index is used to focus attention on the refineries with
the greatest potential to produce CARB gasoline and to help characterize regional refining
systems.

6.1.1 Index Components

Most world refineries that lack any alkylation will be unable to produce CARBOB. Alkylate
provides a critical high octane component with no objectionable properties which can dilute
benzene, aromatics and olefin from other blend stocks to acceptable levels. While it is
technically possible to devise a processing scheme to produce CARBOB in refineries with
no alkylation, such a scheme would require substantial steps in the direction of benzene
control in reformate and other streams. These steps would not be done in the absence of a
stringent benzene specification. In light of this situation, for refineries without any
alkylation capacity, the CARB Index is defined as zero.

For refineries with at least some alkylation, the CARB Index is calculated by multiplying
the reported capacity of each process unit, expressed in barrels per stream day by an
index factor which is indicative of the importance or usefulness of that unit to producing
CARB gasoline. Most process units have CARB Index factors of zero indicating that their
contribution to producing CARB gasoline is not significant. Process units with non-zero
CARB Index factors are shown below in Table 6.1.1-1.
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TABLE 6.1.1-1
CARB INDEX FACTORS

Alkylation 1.0
Hydrocracking 0.4
Aromatics Extraction 0.3
LSR Naphtha Desulfurization 0.5

W2364/SEC_06.XLS

6.1.2 Use of the Index

The CARB Index of every refinery in the world was calculated. Refineries were ranked
according to their CARB Indices. Based on discussions with refiners and technical
considerations a CARB Index of 10,000 was determined to be the minimum level likely to
result in a commercially significant ability to produce CARB gasoline. All refineries outside
California known to produce CARB gasoline were found to be above this level and no
refinery outside of California with a CARB Index below 10,000 is known to have produced
any CARB gasoline. Those refineries with a CARB Index at or above 10,000 were
designated as “CARBOB-Capable” and those with a CARB Index below 10,000 were
designated as “CARBOB-Incapable”.

6.2 GASOLINE PRODUCTION INDEX

Gasoline Production Index (GPI) is a measure of the presence of the types of process
equipment used to produce gasoline. Because some refinery equipment has flexibility to
produce various alternative products of which gasoline is only one, GPI is not an absolute
measure of a refinery’s ability to produce gasoline. Furthermore, refiners may elect to sell
gasoline precursors such as naphtha into alternative markets such as the petrochemicals
feed stock market rather than devote them to manufacturing gasoline.

6.2.1 Index Components

A refinery’s GPI score is calculated by multiplying the reported capacity of each process
unit expressed in barrels per stream day by its GPI factor, a number indicative of the
typical usefulness of that type of processing for producing gasoline blend stocks. Many
types of units, such as diesel fuel hydrotreaters, do not contribute meaningfully to the
production of gasoline and are assigned GPI factors of zero.

Some process units are typically operated differently in various regions of the world. In the
U.S. market, for example, gasoline is typically the key processing objective for refiners and
FCC units operate to maximize gasoline production. In other markets, distillates are more
important products and FCC units operate with less emphasis on gasoline. To reflect these
differences, GPI factors were varied slightly from region to region. Non-zero GPI factors
are shown on Table 6.2.1-1 below:
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TABLE 6.2.1-1
GPI FACTORS

Pacific Latin Middle Far
North West USGC Carribean Europe America East East

Crude 0.25 0.21 0.10 0.15 0.12 0.12 0.10
Thermal Cracker 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Visbreaker 0.11 0.11 0.11 0.11 0.11 0.11 0.11
FCC 0.55 0.55 0.55 0.45 0.55 0.55 0.40
Hydrocracker 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Alkylation 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Polymerization 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Aromatics 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Reforming 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Desulfurization, LSR 1.00 1.00 1.00 1.00 1.00 1.00 1.00

W2364/SEC_06.XLS

6.2.2 Use of the Index

The GPI factors were used with approximate unit utilization factors to estimate the
production of gasoline blend stocks of all types from the refineries in each region. The
blend stock production figures were used in Section 8 along with an estimate of the
fraction of alkylate production that could be devoted to CARBOB, to evaluate blending
opportunities in the context of the predictive model.
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7. REGIONAL CAPABILITY

In this section, the CARBOB-Capable refineries in each region are identified. Tables in this
section include key process unit capacities for each refinery, its CARB Index score and its
GPI score. CARB Index score is the determinant of whether a refinery is considered
CARBOB-Capable or CARBOB-Incapable.

7.1 PACIFIC NORTH WEST

Table 7.1-1 shows the only five refineries active in the Pacific North West manufacturing
gasoline of any type. A review of the configurations of the available refinery capacity
suggests that although there is a reasonable potential to supply useful blend stocks, there
is only limited potential to supply blended CARBOB.

The bulk of the refinery capacity in the Pacific North West is controlled by refiners with
operations in California. These refiners are thought likely to operate their West Coast
multi-refinery systems in integrated fashion in the event that supply shortfalls are triggered
by any specification change such as an MTBE ban. An exchange of gasoline blend stocks
is likely to be as practical in this situation as the provision of CARBOB and would offer
more optimization opportunities.

Only one refinery, Shell Anacortes, was identified as CARBOB-Capable. It is believed that
a relatively large fraction of the alkylate from that refinery might be released for CARBOB
in part because of cross-optimization opportunities with other commonly-owned facilities
on the West Coast.

7.2  U.S. GULF COAST

Twenty six coastal refineries were identified as being potentially capable of producing
CARB gasoline as shown on Table 7.2-1. Of those twenty six, only one, Valero in Corpus
Christi, was identified as clearly having been a supplier of CARB gasoline in the past. Ten
of the CARBOB-Capable refineries are affiliated with California gasoline marketers. An
additional three refineries were identified as potentially CARBOB-Capable but lack coastal
access. These refineries, Phillips in Borger, Texas, and Diamond Shamrock in Sunray/
McKee and Three Rivers, are located in Central or West Texas and were dropped from
further consideration.

USGC refineries serve many markets including not only the regional market but also the
U.S. East Coast and markets in the Mid-Continent area. In the USGC refineries, gasoline
is manufactured to a wide variety of specifications. EPA reformulated gasoline is routinely
manufactured at all the sophisticated refineries on the USGC. Many of the refineries are
able to produce low benzene reformate which is helpful to manufacturing CARBOB. None
of the refineries are believed to possess FCC gasoline desulfurization capability though
some sweet crudes are processed and FCC feed stocks may be desulfurized reducing
FCC gasoline sulfur from high to moderate levels.
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Because of their technical sophistication, petrochemical integration and the needs already
to produce some reformulated fuels, the ability of the USGC refineries to produce
CARBOB from a given volume of alkylate is equal or superior to all regions of the world
other than California.

The volume of alkylate that can be released from USGC refineries is sensitive to whether
the MTBE ban is extended nationwide or confined to California. In the event that the MTBE
ban is confined to California, then about 20% of USGC alkylate might be released either
for CARBOB blending or for direct sales as a blend stock. However, if the MTBE ban is
extended nationwide, then burdens on the USGC system will be higher. In that event, we
believe that the ability of the USGC refiners to divert alkylate will be cut approximately in
half.

7.3 CARIBBEAN

One Caribbean refiner, Hess Oil Virgin Islands, has been identified as an historical
supplier of CARB gasoline. One other refiner, Refineria Isla Curazao SA, was identified as
a potential CARBOB-Capable refiner as shown in Table 7.3-1. Notwithstanding the
substantial size of the Curacao refinery, import records suggest only very limited
production of EPA-reformulated gasoline, no more than about 3,000 barrels per day, and
few exports to the U.S. market. As a result, Curacao is not considered a likely supplier of
CARB fuels.

The Hess Oil Virgin Islands facility is undergoing modifications as a result of a recent
transaction between Hess’ parent company and PDVSA, the Venezuelan national oil
company. The ultimate influence of those modifications on CARBOB capacity cannot be
identified at this time. Nevertheless, the reorientation of the refinery more toward heavy,
high sulfur Venezuelan crude oils and the addition of more coker processing has the
potential to trigger some deterioration in gasoline qualities important to CARBOB
manufacturing.

Given the blend stocks that exist today, Hess is thought to possess an ability to transform
alkylate into CARBOB similar to that of the Pacific North West region.

7.4 EUROPE

Europe has eighteen refineries which have been identified as potentially CARBOB-capable
as shown on Table 7.4-1. One European refiner, Neste Oy in Porvoo, Finland, has actually
manufactured CARB gasoline. The European refiners face a variety of different
specifications at the moment but are entering a new phase of harmonized regulation.

Currently benzene specifications in Europe are loose by U.S. standards calling for a
maximum of five percent in most countries. Some countries have adopted more stringent
specifications and Italy, for example, is reducing benzene content by voluntary agreements
with the oil companies to 1.4 percent in 1997 and 1 per cent by July 1999.
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A program is underway which would harmonize European specifications and reduce
emissions in a manner similar to the reformulated fuels programs in the U.S. The final
determination has not been made as to what the specifications will be. Proposals call for
reductions in sulfur, RVP, aromatics, benzene and olefins as well as an oxygen limit.
Sulfur, currently about 300 ppm may fall to the 30-100 ppm range. RVP levels, currently
about 68 kPa are proposed to fall to 58 kPa or about 8.4 psia. Proposals for aromatics
content range from as low as 23 to as high as 37 per cent compared with an estimated
current average value of 40 per cent. Benzene would be reduced from about 2.3 per cent
to 0.7 to 2.3 per cent. Olefins would be reduced slightly from current 11 per cent levels to
the 8 to 10 per cent range. It is possible that an entirely new proposal will be developed
with more stringent requirements. Unlike the U.S. or CARB reformulated fuels programs,
there is expected to be no flexibility such as is provided by the complex or predictive
models. There may be a phased initiation of the program in various European countries.

Movement toward these reformulated programs in Europe is viewed as helpful to providing
CARBOB for California. More European refiners will need to produce low benzene and low
sulfur blend stocks for gasoline. The timing of the new programs is expected to be
generally consistent with a possible MTBE ban.

7.5 LATIN AMERICA

Latin American refineries do not supply appreciable gasoline to the U.S. Only small
amounts of the gasoline that is provided meets EPA reformulated specifications. Four Latin
America refiners have been identified as potentially CARBOB-Capable on Table 7.5-1.
Three of those refineries are in Venezuela and one is in Brazil.

Venezuela has been a modest supplier of EPA reformulated gasoline to East Coast
markets. The Lagoven Judibana Falcon refinery, formerly known as Amuay, is a very large
refinery at 571,000 barrels per day and has been the subject of considerable capital
investment in recent years. Judibana is a coking refinery with a large alkylation unit. The
Maraven Punta Cardon refinery and the Corpoven El Palito refinery are simpler than
Judibana but both include appreciable alkylation capacity and score reasonably well on the
CARB Index.

Latin American refineries suffer some shortcomings with respect to CARBOB manufacture.
These refineries as a group lack sufficient desulfurization to produce appreciable low sulfur
materials to combine with alkylate. Most naphtha desulfurization appears to be dedicated
to producing reforming feed stocks with very little remaining to desulfurize straight run
gasoline. Because of these problems, the ability of the Latin American refineries to
transform their available alkylate into CARBOB is unusually poor.

7.6 MIDDLE EAST

The Middle East region includes only two refineries which were considered potentially
CARBOB-Capable on Table 7.6-1. Generally, Middle East refineries use simple refining
equipment processing sour crude oil to produce mostly distillates and residual fuel oils. As



78 -- Regional Capability California Energy Commission

P

a group the Middle East refiners are unable to produce high quality gasolines and a large
volume of leaded fuels still is produced in the area. The two refineries that were identified
as CARBOB-Capable were the Saudi Aramco-Mobil Yanbu refinery and the Bahrain
Petroleum Company refinery at Awali. Those two refineries were the only two identified in
the Middle East as possessing any alkylation capacity.

The two Middle East CARBOB-Capable refineries have some shortcomings with respect to
CARBOB manufacture. Because the markets served by the refineries are generally not
sensitive to benzene content, benzene levels in blend stocks are expected to be at
relatively unconstrained levels. FCC gasoline sulfur content is expected to be relatively
high because of the high sulfur content of the crudes found in the region and processed in
the Saudi refineries.

The Middle East refineries have some helpful characteristics. Light low sulfur blend stocks
available from hydrocrackers assist in meeting specifications and place the Middle East
refineries in a superior position to those in Latin America.

7.7 FAR EAST

The Far East region includes sixteen refineries that were identified as potentially
CARBOB-Capable. As shown in Table 7.7-1, five of these refineries were in China, five
were in Japan, two were in Singapore and one each in Taiwan, South Korea, Australia and
Indonesia. Most of the refineries in Asia lack any alkylation capacity, considered key to
manufacturing commercial volumes of CARBOB. Furthermore, many refineries lack any
sort of conversion equipment and are not effective gasoline producers at all.

Japan’s refineries are poorly equipped to manufacture CARB gasoline for export. Japanese
refiners as a group export only small volumes and gasoline is exported very infrequently.
Japanese refiners generally lack the ability to segregate special gasoline grades and there
is no industry providing third party terminaling services in Japan. Cargo loading equipment
is poor and is oriented toward very small coastal carriers used to supply the domestic
market.

China has a large refining system though many facilities are plagued by logistical
disadvantages. China consumes very large quantities of gasoline and is a net product
importer. Nevertheless, there is a reasonable prospect that some of the indicated CARB
capability could be translated into actual product shipments.

Singapore is a major source of produce exports to many Asian nations. Product loading
facilities are excellent and the refineries as a group are accustomed to manufacturing
many different product specifications.

Korea is a reasonable source of product exports. Korean refiners have been exporting
appreciable products to regional markets and shipping distances to California are not
excessive. The Yukong refinery is extremely large and includes hydrocracking, aromatics
and alkylation capacity.
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Far East refineries as a group are hampered principally by their poor ability to control
benzene. Benzene reduction programs are only beginning in those Asian markets that
have them at all.
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8. KEY COMPONENT AVAILABILITY

The volume of CARBOB that can be produced from a region will be assessed in two steps.
First, an estimate will be made of the volume of alkylate that can be made available. This
volume will depend on total alkylate production capability and an estimate of the fraction of
total alkylate that might be released for CARBOB production. Alkylate from CARBOB-
Incapable refineries is assumed not to be available and only a fraction of alkylate from
CARBOB-Capable refineries might be released. The second step involves an estimate of
the volume of CARBOB that can be produced from each volume of alkylate. The principal
factors influencing this ratio are the volumes and qualities of other blend stocks that can
be combined with the alkylate.

8.1 ALKYLATE

Table 8.1-1 shows the alkylate capacity of CARBOB-Capable refineries in each region. In
addition this table shows our estimate of the total production of alkylate from CARBOB-
Capable refineries in each region. Like any refinery process unit, alkylation units do not
regularly produce at 100% of capacity. A lower utilization is common resulting from unit
maintenance downtime as well as feed availability and economic issues. Alkylation units
normally are constructed as adjuncts to FCC units which are economically important to
refinery operations. Often FCC units operate at higher utilization rates than refineries as a
whole. Consistent with information from diverse data sources and based on other work
prepared by Purvin & Gertz, utilization rates have been assigned for alkylation units in
each region ranging from 75% to 85%.

TABLE 8.1-1
ALKYLATE AVAILABILITY
(Barrels per Day)

Alkylate Estimated Alkylate
Capacity Production Availability

Pacific North West 12,000    10,000    4,000    
U.S. Gulf Coast 503,000    428,000    86,000    
Caribbean 22,000    18,000    11,000    
Europe 158,000    134,000    27,000    
Latin America 84,000    63,000    25,000    
Middle East 27,000    21,000    8,000    
Far East 85,000    68,000    14,000    __________ __________ __________
TOTAL 891,000    742,000    175,000    

W2364/SEC_08.XLS

Furthermore, alkylate availability for CARBOB was estimated. These estimates were
prepared based on discussions with refiners and in light of our own views of technical
factors limiting alkylate availability in the USGC region which is responsible for over half of
all alkylate production in the world. Alkylate availability for CARBOB doesn’t necessarily
translate into alkylate availability for sale as a gasoline blend stock.
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8.2 OTHER COMPONENTS

Table 8.2-1 shows the estimated availabilities of other gasoline blend stocks. These
volumes were determined based on the production capacity of each type of process unit
from CARBOB-Capable refineries. Those capacities were multiplied by the GPI factors for
each process unit, a typical yield of gasoline-range material from the units, and a standard
85% utilization factor.

TABLE 8.2-1
MAJOR BLEND STOCK PRODUCTION
CARBOB CAPABLE REFINERIES
(Barrels per Day)

Aromatics
Hydrocrackate Desulfurized, LSR Raffinate FCC Gasoline Reformate Total

Pacific North West 0 6,000 0 21,000 18,000 45,000
U.S. Gulf Coast 213,000 171,000 55,000 1,105,000 1,112,000 2,656,000
Caribbean 0 28,000 8,000 81,000 105,000 222,000
Europe 81,000 400,000 3,000 344,000 397,000 1,225,000
Latin America 0 25,000 3,000 193,000 70,000 291,000
Middle East 30,000 24,000 0 62,000 45,000 161,000
Far East 75,000 125,000 27,000 242,000 335,000 804,000__________ __________ __________ __________ __________ __________
    TOTAL 399,000 779,000 96,000 2,048,000 2,082,000 5,404,000

W2364/Sec_08.XLS

No estimate was made of the fraction of each of the other blend stocks that could be made
available for CARBOB blending. First, the total volumes of other blend stocks tend to be
much greater than alkylate. Hence alkylate is the blend stock typically in shortest supply.
Second, while alkylate is a key ingredient in a few high value products such as premium
gasoline, reformulated gasoline or aviation gasoline, none of the other components is
particularly important to any end product other than conventional regular grade motor
gasoline. The opportunity cost of conventional regular grade motor gasoline will be the
starting point for calculating the cost of producing CARBOB. While diverting too much
alkylate toward CARBOB might impact production of higher valued products raising the
opportunity costs, this is not likely for the other blend stocks. Consequently any
constraints imposed on blending with these other components by limiting their availability
to CARBOB were viewed as unnecessary.

8.3 CARBOB/ALKYLATE RATIO CLASSES

The predictive model was used in conjunction with estimated blend stock qualities for each
region of the world to estimate how much CARBOB could be produced from each barrel of
alkylate. Air toxics as well as criteria pollutants must be controlled and were considered in
estimating blend opportunities. These ratios are viewed as reasonable representations of
how blending could occur in a real world situation and we are confident that the ratios do
not over-estimate the technical capability to blend CARBOB.
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The CARBOB/Alkylate ratios do not reflect the result of optimized refinery models.
Inasmuch as for most regions there are many refineries operating that can provide
CARBOB components, it is believed that optimizing the CARBOB blending would tend to
over-estimate CARBOB producibility in a way for which there would be no ready calibration
or correction. Consequently we believe that optimized CARBOB blending using the blend
stock qualities we adopted would result in higher ratios than we are using in this work.

Typical blend stock qualities vary depending on the level of sophistication in a region and
the types of crude oils processed. Blend stock qualities were estimated based on Purvin &
Gertz experience in other refining assignments and were not generated from refinery
models or statistical sources for this assignment.

CARBOB/Alkylate ratios vary widely. Refineries that have only moderately high sulfur FCC
gasoline streams with which to blend, conventional, high benzene reformates, and no
hydrocrackates or raffinates, typically find CARBOB/Alkylate ratios in the 2.0-2.5 range. At
the other end of the spectrum, California refiners who have invested heavily to meet CARB
requirements are able to operate with CARBOB/Alkylate ratios in the 6-7 range.

Refiners in distant markets supplying only a small fraction of their gasoline as CARBOB
face fewer problems than California refiners who have to produce most or all their gasoline
to CARB specifications. Such refiners are able to pick and choose the best blend stocks
and divert less attractive materials to other markets for which they are still well suited.
Nevertheless, these refiners are unlikely to exceed the CARBOB/Alkylate ratios achieved
by California refiners because of the very heavy investments California refiners have made
to overcome the obstacles posed by CARB specifications.

In principle CARBOB could be manufactured relying entirely on hydroprocessing including
hydrocracking, reforming and hydrotreating. Such an approach would not utilize FCC or
alkylation technology and therefore would not use alkylate. The ARCO Cherry Point
refinery operates in that manner and is expected to be able to make useful blend stocks at
a minimum. Such refineries have the advantage of very low sulfur and zero olefins in all
their blend stocks. On the other hand, unless special steps are taken to minimize
aromatics and benzene, levels of these materials tend to be very high with this
configuration. Outside the U.S. and parts of Western Europe, world benzene controls do
not approach the stringency required for CARB gasoline if they exist at all. That factor
combined with the dearth of many examples of this type of process orientation indicates
that special consideration of these refineries is unwarranted.

The CARBOB/alkylate ratio is sensitive to the selection of oxygenate and varies across
cases. Using minimum ethanol without an RVP waiver leads to the lowest ratios since
dilution effects are small and a particularly low vapor pressure must be observed on the
CARBOB, about 5.8 PSIA. Other oxygenates lead to higher CARBOB/Alkylate ratios.

There is considerable uncertainty in determining the CARBOB/Alkylate ratio to a high
degree of accuracy. The ratio is highly dependent on details of stream compositions that
are not known for individual refineries and on the level of sophistication with the predictive
model that the refiner can achieve. To respond to this difficulty and to avoid over-
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optimizing the problem, refiners and cases were assigned to CARBOB/Alkylate ratio
classes. Classes used are shown in Table 8.3-1.

TABLE 8.3-1
CARBOB/ALKYLATE RATIOS

Low 2.5
Moderate 3.5
High 5.5

Each region in each case was assigned to one of these three ratio classes. Using these
class values and the estimate of the volume of alkylate available from each region, the
available volume of CARBOB was determined.

8.4 CARBOB/ALKYLATE RATIOS

Each region and case was assigned to one of the CARBOB/Alkylate ratio classes. These
assignments were made in consideration of the blend stocks available and the
requirements of the case. Table 8.4-1 shows the assignments that were made.

TABLE 8.4-1
CARBOB/ALKYLATE RATIO CLASS ASSIGNMENTS

Ethanol Ethanol Mixed No
No Waiver Waiver TBA ETBE Oxygenates Oxygenate

Pacific North West Low Low Medium Medium Medium Low
U.S. Gulf Coast Low Low High High High Low
Caribbean Low Low Low Low Low Low
Europe Low Low High High High Low
Latin America Low Low Low Low Low Low
Middle East Low Low Low Low Low Low
Far East Low Low Low Low Low Low

W2364/SEC_08.XLS

Four regions, the Caribbean, Latin America, Middle East and Far East, stood out as having
relatively poor control of blend stock qualities. The Hess refinery in the Caribbean is the
sole producer and even though much of the refinery’s production is oriented toward the
U.S. East Coast market, overall sophistication did not seem to support assignment to
either the medium or high classes. Latin American and Middle Eastern refineries generally
produce only into markets with loose product specifications. The Far East includes
Japanese refineries that produce to stringent specifications but those refineries were not
the ones considered most likely to produce CARBOB, mostly for logistical reasons. The
Chinese market does not have stringent controls and still consumes leaded gasoline.
Chinese refiners are the largest group of Far Eastern refiners thought to have reasonable
prospects of manufacturing some CARBOB.
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The Gulf Coast and Europe are thought to have the best prospects for having high
CARBOB/Alkylate ratios. Both regions have very large refining systems and the refineries
have a high level of technical sophistication. The European refiners will be entering an era
of much lower benzene specifications and the Gulf Coast refiners already are there. Both
regions are being called on to produce some gasoline to stringent environmental
specifications which are becoming more stringent.

The introduction of more stringent gasoline specifications in Europe and the U.S. could
have an unfavorable or favorable impact on CARBOB availability. Refiners in those
markets will have to meet new, more stringent specifications which, apart from any capital
improvements, diminishes the availability of high quality blendstocks for CARBOB. On the
other hand, these refiners as a group generally will respond with expansions or other
improvements that increase the pool of high quality materials. The net of these changes is
reflected in the information in this section. There is irreducible uncertainty associated with
future availability as the actions of the refiners cannot be completely foreseen.

The Pacific North West is a special case. It was assigned to the medium class in part
because of its proximity to California and the perceived opportunities for multi-refinery
optimization with California. The terms under which Shell is selling the refinery are not
known and may negatively influence availability in the future.

The most challenging cases are both ethanol cases and the no oxygenate case. The
ethanol case with no RVP waiver requires substantially more stringent RVP blending than
all other cases. While it was assumed that adequate debutanization exists, the added
difficulty of this case would be expected to be reflected in some reduced ability to
manufacture CARBOB. The ethanol waiver case runs into difficulty due to the high oxygen
content. The no oxygenates case is more difficult principally because the octane
requirements of the case are appreciably higher. In all the oxygenate cases, CARBOB
could be blended well below 87 octane due to the octane available from the oxygenates to
be added in California. The no oxygenate case required 87 octane of the CARBOB limiting
ability to utilize low octane stocks. Furthermore, there is no dilution effect available from
the oxygenates in this case. Our review indicated that these factors would not be enough
to warrant lower class assignments but as will be discussed in Section 9, they do result in
higher costs.
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8.5 CARBOB SUPPLIES

CARBOB supplies available from each region in each case were determined by multiplying
the alkylate available for CARBOB by the class ratio for that case and region. Table 8.5-1
shows the CARBOB availability for each region for the California only MTBE ban.

TABLE 8.5-1
CARBOB AVAILABILITY
CALIFORNIA ONLY MTBE BAN
(Barrels per Day)

Ethanol Ethanol Mixed No
No Waiver Waiver TBA ETBE Oxygenates Oxygenates

Pacific North West 10,000         10,000         14,000         14,000         14,000         10,000         
U.S. Gulf Coast 214,000       214,000       470,000       470,000       470,000       214,000       
Caribbean 26,000         26,000         26,000         26,000         26,000         26,000         
Europe 67,000         67,000         148,000       148,000       148,000       67,000         
Latin America 63,000         63,000         63,000         63,000         63,000         63,000         
Middle East 21,000         21,000         21,000         21,000         21,000         21,000         
Far East 34,000         34,000         34,000         34,000         34,000         34,000         

W2364/SEC_08.XLS

Table 8.5-2 shows the CARBOB availability for each region for the U.S. wide MTBE ban.
The differences among these tables are limited to the USGC region.

TABLE 8.5-2
CARBOB AVAILABILITY
US WIDE MTBE BAN
(Barrels per Day)

Ethanol Ethanol Mixed No
No Waiver Waiver TBA ETBE Oxygenates Oxygenates

Pacific North West 10,000         10,000         14,000         14,000         14,000         10,000         
U.S. Gulf Coast 107,000       107,000       235,000       235,000       235,000       107,000       
Caribbean 26,000         26,000         26,000         26,000         26,000         26,000         
Europe 67,000         67,000         148,000       148,000       148,000       67,000         
Latin America 63,000         63,000         63,000         63,000         63,000         63,000         
Middle East 21,000         21,000         21,000         21,000         21,000         21,000         
Far East 34,000         34,000         34,000         34,000         34,000         34,000         

W2364/SEC_08.XLS



9. SUPPLY COST ESTIMATES

Supply costs were estimated based on the cost of gasoline in each region to which were
added cost components representing refinery processing costs, cargo consolidation costs,
transportation costs and refiner margin. An octane adjustment was needed to account for
the benefit or debit available to the refiner of being able to supply gasoline at an octane
different than that prevailing the local market. The processing cost and octane adjustment
would be affected by the selection of oxygenate. None of the other cost elements is
sensitive to the substitute oxygenate selected.

9.1 BASE GASOLINE COST BY REGION

Base gasoline costs for each region were estimated based on market data for the May
through August summer season of 1997. Gasoline costs were determined based on spot
price quotations for various markets. Spot price quotations are the best measure of arm’s
length gasoline values in large volume shipments priced at the refinery gate. Spot price
quotations are commonly used in refinery economic analysis work. Other measures of
gasoline cost such as rack prices or retail prices are considered inferior measures and
would require correction to be used to estimate the cost of supplying imported CARBOB to
California. Generally prices other than spot prices would result in over-estimation of the
cost of supplying CARBOB. Base gasoline costs were directly available from market. Table
9.1-1 shows the base gasoline costs used for each market. For reference, the average
summertime 1997 spot price of CARB reformulated gasoline is estimated to have been
63.7 cents per gallon.

TABLE 9.1-1
BASE GASOLINE COSTS BY REGION
(Cents per Gallon)

Pacific North West 60.9
U.S. Gulf Coast 59.6
Caribbean 59.5
Europe 55.3
Latin America 59.1
Middle East 58.9
Far East 60.5

W2364/Sec_09.XLS

9.2 PROCESSING COSTS

Processing costs are small when the CARBOB volume is limited. The least expensive
increment of CARBOB supply would be that supply that could be provided with minimal
interference with normal refinery operations. That increment would be provided mostly by
providing special blends of existing refinery gasoline blend stocks rather than by
reconfiguring refinery processing operations or selecting superior feed stocks. Some extra
debutanization might occur to ensure that CARBOB RVP specifications could be met. As
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the fraction of a refinery’s gasoline production dedicated to CARBOB rises, then more
intensive and expensive changes in the operations or hardware configuration of the
refinery are needed. A substantial part of the supply curve for CARBOB can be identified
without resorting to high cost methods and that part of the supply curve is expected to be
adequate to cover any shortfalls that may result from an MTBE ban.

When refineries are producing limited volumes of CARBOB, most processing costs
incurred are blending costs. These costs are reflective mostly of the lost opportunity to
blend low cost butane with gasoline. The butane blending opportunity is lost due to the
lower vapor pressure required to meet CARB specifications. Butane typically carries a cost
well below that of gasoline. Typical summertime gasoline RVP specifications allow some
butane to be blended with gasoline but CARB specifications call for such a low RVP that
essentially no butane can be blended into CARB gasoline or CARBOB. A refiner electing to
manufacture to CARBOB specifications rather than to other, higher vapor pressure
specifications would lose the opportunity to profit by blending low cost butane as part of
higher valued gasoline.

Processing costs were estimated based on the amount of lost opportunity to blend butane
and the prevailing costs of butane and gasoline in each market. Costs vary from region to
region because some regions have higher gasoline RVP specifications and because
butane and gasoline prices are not the same in all world locations.

 A provision of 0.5 cents per gallon of CARBOB was made for incidental direct costs such
as costs to clear tankage, extra laboratory testing, any extra energy costs that might be
related to more severe debutanization and the like. Table 9.2-1 shows the processing
costs for each case.

TABLE 9.2-1
PROCESSING COSTS BY REGION
(Cents per Gallon)

Ethanol ETBE TBA Others

Pacific North West 4.2 2.8 3.3 3.2
U.S. Gulf Coast 2.0 1.0 1.3 1.3
Caribbean 1.9 1.0 1.2 1.1
Europe 2.8 1.8 2.1 2.0
Latin America 1.7 1.0 1.1 1.1
Middle East 2.0 1.0 1.3 1.2
Far East 2.6 1.8 2.0 2.0

W2364/Sec_09.XLS

9.3 OCTANE CREDIT/DEBIT

Octane of regular gasoline, suitable for most automobiles, is typically about 87 (R + M)/2
or about 91 RON. Few markets can be found in which many automobiles will accept
substantially lower octane. Many countries also have a lower octane grade commonly used



in low compression engines, motorcycles and the like. Price quotations are available for
the automotive grades in many locations and these formed the basis for our analysis.

CARBOB could be produced to substantially lower octane than prevailing automotive
gasoline specifications. Substantial octane is provided by the oxygenates that are added to
CARBOB to produced finished CARB gasoline. Table 9.3-1 below shows the octane of
CARBOB needed for each case:

TABLE 9.3-1
CARBOB OCTANE
(R+M)/2

Oxygenate Oxygenate CARBOB
Oxygenate Octane Blend Fraction Octane

MTBE 110    0.110 84.2    
ETOH - No Waiver 115    0.058 85.3    
ETOH - Waiver 115    0.100 83.9    
TAME 105    0.124 84.5    
ETBE 112    0.127 83.4    
TBA 100    0.088 85.7    
Mixed 106    0.110 84.5    
None --    --       87.0    

W2364/Sec_09.XLS

Table 9.3-1 shows the octane for each oxygenate. The mixed oxygenate octane used was
the average of the octanes of TAME, ETBE and TBA. The oxygenate blend fraction is the
fraction of a final CARB gasoline blend that would be each oxygenate to achieve 2.0 per
cent oxygen in the gasoline. For example a CARBOB using ethanol would be 5.8% ethanol
to achieve 2.0 percent oxygen. However, federal law requires that the ethanol waiver case
contain 10% ethanol in the blend. The last column of Table 9.3-1 shows the octane of the
CARBOB that would be blended with the oxygenate to achieve a CARB gasoline
octane of 87.

Octane is costly to refiners. Converting low octane materials into high octane materials
involves expensive processing like catalytic reforming or costly high octane additives like
MTBE. Conversely producing a lower octane product represents a real cost savings to the
refiner. Octane costs are not linear in all ranges and the cost for octane at very high
ranges is higher than the cost at lower octane ranges. For purposes of evaluating octane
costs, we have used a figure of 21 cents per octane barrel or 0.5 cents per octane gallon.
These numbers are considered to be at the lower end of the octane cost spectrum.

Even if refiners do not alter processing, they can benefit from producing a lower octane
product. Higher octane stocks can be diverted to producing more higher valued premium
gasoline and less lower valued regular gasoline.

Because CARBOB can be produced at substantially lower octane than prevailing
automotive specifications require and because that octane savings can translate either into
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refinery cost reductions or to more higher valued premium products (apart from CARBOB),
it is appropriate to assign an octane credit to the CARBOB. This credit has been calculated
as the octane difference between 87 and the octane of the CARBOB multiplied by 0.5
cents per octane gallon. This credit has the effect of reducing the cost of delivering
CARBOB to California. If octane becomes more valuable because of an MTBE ban, then a
larger credit would be available. In the interest of conservatism, the lower octane value
and credit was used.

China was treated as a special case. China uses lower octane gasoline than most other
countries and China is a likely Far Eastern supplier of CARBOB. China is the country that
historically has been the largest single supplier of foreign gasoline to California prior to the
introduction of CARB gasoline. For these reasons, China’s cost structure was chosen to
represent Asian suppliers. Because China’s gasoline octane is low, about 85 (R+M)/2 on
an unleaded basis, the octane credit available to Chinese refiners is correspondingly low.

Table 9.3-2 shows the octane credits for each oxygenate case.

TABLE 9.3-2
OCTANE COST
(Cents per Gallon)

Far East Other (1)

Ethanol - Waiver -0.5 -1.6
Ethanol - No Waiver 0.1 -0.9
ETBE -0.8 -1.8
TBA 0.4 -0.6
Mixed Oxygenate -0.2 -1.2
No Oxygenate 0.0 0.0

Note: Based on 87 (R+M)/2 gasoline for all regions except Far East.
Note: Far East is based on 85 (R+M)/2.

W2364/Sec_09.XLS

9.4 INVENTORY HOLDING COSTS

Refiners in distant location who produced CARBOB will experience an increase in the
amount of time which elapses between their completion of the manufacturing and the time
the product is received at the consumption point. Similarly, California consumers using
CARB gasoline produced in distant locations rather than in California will experience an
increase in the amount of time that elapses between the time the gasoline is produced by
the refinery and the time that it is available for purchase. Holding inventory for this
additional period of time adds to the cost of supplying fuels. The additional inventory
holding costs were calculated based on an estimated additional time and an interest rate.
Table 9.4-1 shows the additional costs of holding inventory for each region. The number of
additional days inventory is held is dependent on shipping time to California. Costs were
estimated based on an interest rate of 8% per annum. There has been no assumption



about the specific contract terms and whether these costs are part of the invoiced price for
fuel delivered by the distant supplier. No capital investment has been included in this
analysis to provide for additional tankage for this purpose.

TABLE 9.4-1
INVENTORY HOLDING COSTS BY REGION
(Cents per Gallon)

Pacific North West 0.3
U.S. Gulf Coast 0.4
Caribbean 0.4
Europe 0.6
Latin America 0.4
Middle East 0.4
Far East 1.8

W2364/Sec_09.XLS

There has been neither a specific assessment of nor provision for the additional risk
associated with holding the inventory. The degree to which existing California gasoline
suppliers feel the need or the ability to hedge their inventory exposure is not clear. While
any individual transaction may be subject to risk of a price fall during delivery, over time
price increases and decreases tend to cancel out and the cost associated with the
additional risk of holding the inventory, as distinct from the cost of capital, is thought to be
small relative to the overall costs of an MTBE ban.

9.5 TRANSPORTATION COSTS

Transportation costs have been defined to include the cost of marine transportation as well
as the cost of third party terminaling at the point of destination.

“Worldscale” refers to the New Worldwide Tanker Nominal Freight Scale as published
annually by the Worldscale Associations of London and New York. The Worldscale
schedule provides standardized shipping costs between world petroleum ports and
includes consideration of shipping time, typical carriage terms, relevant port and canal
fees and the like. Worldscale is widely used to estimate consistent shipping costs for
diverse voyages.

Typically, large tankers with relatively low per unit costs charge a fraction of the standard
Worldscale rates while small tankers with high costs charge a multiple of standard
Worldscale rates. Similarly “clean” vessels suitable for gasoline or diesel fuel charge a
higher rate than “dirty” vessels which have contained crude oil or fuel oil. Quotations for
the typical tanker charges, relative to Worldscale, are found in many shipping and
petroleum industry publications.

Gasoline typically would not be carried internationally in tankers larger than the LR-1
class. LR-1 class tankers are 45,000-80,000 deadweight tonnes which translates into
cargo capacity around 15 to 27 million gallons. Though gasoline might also be carried in
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smaller MR class tankers, we selected LR-1 class tankers for this analysis since the tanker
size is a reasonable maximum resulting in the lowest reasonable shipping cost.

Marine transportation costs have been estimated on an arm’s length basis. While many oil
companies use their own ships, their incurred costs are considered irrelevant to the issue
at hand and many prospective suppliers do not have ships available to transport CARBOB
to California. Shippings costs were estimated based on Worldscale rates with a market
factor of 1.5 applied to account for clean LR-1 sized vessels. This market factor is
consistent with market conditions in summer 1997 and is not unusual for clean LR-1
vessels. Worldscale rates, quoted in US dollars per tonne were converted to dollars per
gallon based on 353 gallons per tonne.

Worldscale quotations are not useful for voyages from the Pacific North West or USGC to
California because of the federal requirement to use Jones Act tankers on such routes.
Jones Act tankers must be American flagged and also have been built in U.S. shipyards.
Jones Act tankers typically carry much higher costs than international flag carriers. Costs
to use Jones Act tankers were estimated based directly on opinions of industry
participants. For purposes of this assessment, it has been assumed that adequate Jones
Act tonnage could be accessed without adding to costs and costs above the minimum level
quoted for Jones Act movements have been used to account for market changes
attributable to the increase in movements that might occur in the event of an MTBE ban.

There is some risk that delivering large volumes of CARBOB, alkylate or other products to
California and that shipping large volumes of non-CARB gasoline or intermediates away
from California might disrupt typically observed ship availabilities or costs. Since such
trade would be a very small fraction of international clean products movements, such risk
for international origins or destinations is considered small. Domestic shipments would
need to be moved using Jones Act carriers, the supply of which is much smaller. Since
domestic sources of alkylate or CARBOB might be quite important, a shortage of Jones
Act carriers has the potential to shift supply curves.

In the long term, it would be possible, if appropriate contracts for use were in place, to
build new Jones Act carriers. New carriers are quite unlikely to be built unless the need for
them were expected to be sustained long enough to amortize tanker costs. New tankers
meeting new design criteria might logically carry higher costs than older tankers but if such
tankers could be designed and dedicated full time to carrying CARBOB or alkylate on
domestic routes, the costs could be optimized. Furthermore, the possibility of backhaul
cargoes which might develop would further improve cargo-carrying utilization and reduce
costs further.

There is a reasonable possibility that if there were long term demand for transportation
from the U.S. Gulf Coast to California that pipeline transportation systems might supplant
marine shipments for some or most of the business. A project which is under construction
but not yet completed is expected to link the Gulf Coast refineries directly to El Paso and
allow gasoline from the U.S. Gulf Coast to be shipped as far as Phoenix. If there were
adequate shipper interest in doing so, it is possible that the existing pipeline system



connecting Los Angeles to Phoenix and El Paso to Phoenix could be expanded and/or
reconfigured to allow some volumes of U.S. Gulf Coast products to penetrate California
markets. Other pipeline systems in other services that are or could become underutilized
might also be used. While evaluation of how speculative pipeline reconfigurations or new
construction might contribute to transporting CARBOB or alkylate to California is beyond
the scope of this report, in the long term the possibility that entrepreneurs would make use
of such systems to serve any reliable, long term need that develops cannot be dismissed.

In the intermediate term, there would not be adequate time to build new tankers or
reconfigure pipelines and a Jones Act carrier shortfall could influence CARBOB or alkylate
supply patterns. In the event of a shortage of carriers, less efficient and more costly
foreign sources might be preferred to potentially less costly domestic products. In principle
if Jones Act carriers were simply unavailable product shipments from the U.S. Gulf Coast
simply could not be increased regardless of cost or price considerations.

The availability of Jones Act carriers and its potential impact on supplies from the U.S.
Gulf Coast or Pacific North West is more fully discussed in the Marine Infrastructure
report.

There are miscellaneous charges that must be paid to port and government bodies apart
from those covered by Worldscale. These include federal and state oil spill taxes or fees,
wharfage, customs duties, other customs charges, and the like. Customs duties are
required only on imports from foreign points of origin and not for shipments from either the
Pacific North West or the USGC. These have been included for Caribbean points of origin
even though the most likely origin of such shipments is the U.S. Virgin Islands since duties
might not have been paid on the foreign crude oil used to manufacture products in
St. Croix.

On arrival in California, waterborne CARBOB cargoes would require terminaling and
blending with the oxygenate. If ethanol is the oxygenate chosen, then the blending would
occur as the trucks is loaded to transport the CARB gasoline to the service stations.
Otherwise, the blending would occur at or near the marine offloading port.

Marine cargoes of CARBOB most likely would not be handled by refineries but rather
would be diverted to marine terminals. While refineries can handle small volumes of
inbound blend stocks or even finished products, their tankage and logistics systems are
oriented toward inbound crude oil movements and outbound product movements.
Furthermore, there is no reason CARBOB would have to be handled at refineries since
marine terminals could perform all necessary blending.

A provision of 0.75 cents per gallon was added to provide for average costs for handling
and blending at marine terminals in California. This cost level is considered a reasonable
average for high volume throughput through existing terminals. Terminaling costs are
addressed more completely in the Adequacy of Marine Infrastructure study.
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Table 9.5-1 shows the buildup of transportation costs.

TABLE 9.5-1
TRANSPORTATION COSTS BY REGION
(Cents per Gallon, Except as Noted)

Origin WS100, ($/MT) Transport Misc. Terminalling Total

Pacific North West ---- 5.1 0.5 0.8 6.4
U.S. Gulf Coast ---- 8.0 0.5 0.8 9.3
Caribbean 7.7 3.9 1.8 0.8 6.4
Europe 13.6 6.4 1.8 0.8 8.9
Latin America 7.7 3.9 1.8 0.8 6.4
Middle East 19.0 8.1 1.8 0.8 10.6
Far East 10.0 4.2 1.8 0.8 6.8

W2364/Sec_09.XLS

9.6 REFINER MARGINS

Refiners outside California will not undertake the expense and nuisance of producing
CARBOB unless there is the promise of reasonable profit from doing so. Covering direct
costs is an inadequate incentive since there are risks to the refiner and he may incur
indirect and opportunity costs which have not been assessed elsewhere in this cost
buildup. A provision of 2 cents per gallon has been assigned to all cases to provide for
indirect and opportunity costs, other small costs not assessed elsewhere and for refiner
margin or profit from producing CARBOB in distant locations.

9.7 TOTAL CARBOB COST

Tables have been prepared showing the total costs of providing CARBOB from outside
California. Tables 9.7-1 through 9.7-6 show the costs for each oxygenate case. None of
these costs are considered sensitive to whether the MTBE ban is California only or
nationwide though the volumes that can be accessed from the USGC do vary depending
on this factor as explained in Section 8.

9.8 SUPPLY CURVES

Combining the CARBOB costs from each region as shown in Section 9.7 with the volumes
of CARBOB from each region developed in Section 8 results in the supply curve or supply
function for CARBOB from external sources. The CARBOB supply curves resulting from
the California only MTBE ban are shown in Table 9.8-1. The CARBOB supply curves for
the U.S. wide MTBE ban are shown in Table 9.8-2.



9.9 HOBC COSTS

Based on a review of CARBOB blending as well as refiner discussions, the only high
octane blending component (HOBC) likely to be relevant to the market other than
oxygenates which are being addressed by ESAI, is alkylate. Alkylate is the most important
single component for manufacturing CARBOB and ability to purchase additional alkylate
could be important to California refiners seeking to manufacture CARB gasoline within the
state in lieu of importing CARBOB from distant regions.

Alkylate supply is limited and can be used either to manufacture CARBOB in distant
locations or for direct movements to California. Each barrel of alkylate may go to either of
these two alternatives but for any given increment of alkylate, the choices are mutually
exclusive. Importing alkylate diminishes the availability of imported CARBOB.

There is no regular published source of alkylate pricing relied upon by industry participants
for actual transactions. Alkylate is sold on the basis of a premium to gasoline. The typical
premium is eight to ten cents per gallon over regular unleaded gasoline though higher
figures are quoted from time to time. This premium includes all processing costs as well as
octane credits or debits and refiner margin. For purposes of this study, we have adopted a
premium of twelve cents per gallon because we believe that market conditions may tighten
in the event of an MTBE ban.

Alkylate must be shipped and handled in a manner very similar to gasoline. We believe
that alkylate is more likely to be delivered directly to refineries for blending there rather
than through marine terminals. Therefore, the terminaling charge has been omitted from
the cost of delivering alkylate. All other transportation costs are the same as those for
CARBOB.

Table 9.9-1 shows the buildup of alkylate cost from each region of the world.

9.10 HOBC SUPPLY CURVE

Combining the alkylate availability shown in Section 8 with the alkylate supply costs shown
in Table 9.9-1 results in the alkylate supply curves. The supply curves for alkylate are
shown for the California only MTBE ban and the U.S. wide MTBE ban on Table 9.10-1.
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TABLE 9.10-1
EXTERNAL ALKYLATE SUPPLIES

California Only Nationwide
MTBE Ban MTBE Ban

Cost Volumes, B/D Volumes, B/D
Region ¢/Gal Region Cumulative Region Cumulative

Europe 77.0 27,000 27,000 27,000 27,000
Caribbean 78.4 11,000 38,000 11,000 38,000
Latin America 78.1 25,000 63,000 25,000 63,000
Pacific North West 79.7 4,000 67,000 4,000 67,000
Far East 81.4 14,000 81,000 14,000 81,000
U.S. Gulf Coast 81.5 86,000 167,000 43,000 124,000
Middle East 82.1 8,000 175,000 8,000 132,000

W2364/SEC_09.XLS



T
A

B
L

E
 9

.7
-1

C
A

R
B

O
B

 C
O

S
T

 B
Y

 R
E

G
IO

N
 -

- 
A

V
E

R
A

G
E

 S
U

M
M

E
R

 1
99

7(
E

T
H

A
N

O
L

)
(C

en
ts

 p
er

 G
al

lo
n)

P
N

W
U

S
G

C
C

ar
ib

b
ea

n
E

u
ro

p
e

L
at

in
 A

m
er

ic
a

M
id

d
le

 E
as

t
F

ar
 E

as
t

  B
as

e 
G

as
ol

in
e 

P
ric

e
60

.9
59

.6
59

.5
55

.3
59

.1
58

.9
60

.5
  P

ro
ce

ss
in

g 
C

os
t

4.
2

2.
0

1.
9

2.
8

1.
7

2.
0

2.
6

  O
ct

an
e 

C
re

di
t

-0
.9

-0
.9

-0
.9

-0
.9

-0
.9

-0
.9

0.
1

  I
nv

en
to

ry
 H

ol
di

ng
 C

os
ts

0.
3

0.
4

0.
4

0.
6

0.
4

0.
4

1.
8

  T
ra

ns
po

rta
tio

n 
C

os
t

6.
4

9.
3

6.
4

8.
9

6.
4

10
.6

6.
8

  R
ef

in
er

 M
ar

gi
n

2.
0

2.
0

2.
0

2.
0

2.
0

2.
0

2.
0

   
  T

o
ta

l C
IF

 C
o

st
72

.9
72

.5
69

.3
68

.7
68

.8
73

.0
73

.7

W
23

64
/S

E
C

_0
9.

X
LS



114 -- Key Component Availability California Energy Commission

P

T
A

B
L

E
 9

.7
-2

C
A

R
B

O
B

 C
O

S
T

 B
Y

 R
E

G
IO

N
 -

- 
A

V
E

R
A

G
E

 S
U

M
M

E
R

 1
99

7(
E

T
H

A
N

O
L

 W
A

IV
E

R
)

(C
en

ts
 p

er
 G

al
lo

n)

P
N

W
U

S
G

C
C

ar
ib

b
ea

n
E

u
ro

p
e

L
at

in
 A

m
er

ic
a

M
id

d
le

 E
as

t
F

ar
 E

as
t

  B
as

e 
G

as
ol

in
e 

P
ric

e
60

.9
59

.6
59

.5
55

.3
59

.1
58

.9
60

.5
  P

ro
ce

ss
in

g 
C

os
t

3.
2

1.
3

1.
1

2.
0

1.
1

1.
2

2.
0

  O
ct

an
e 

C
re

di
t

-1
.6

-1
.6

-1
.6

-1
.6

-1
.6

-1
.6

-0
.5

  I
nv

en
to

ry
 H

ol
di

ng
 C

os
ts

0.
3

0.
4

0.
4

0.
6

0.
4

0.
4

1.
8

  T
ra

ns
po

rta
tio

n 
C

os
t

6.
4

9.
3

6.
4

8.
9

6.
4

10
.6

6.
8

  R
ef

in
er

 M
ar

gi
n

2.
0

2.
0

2.
0

2.
0

2.
0

2.
0

2.
0

   
  T

o
ta

l C
IF

 C
o

st
71

.2
71

.0
67

.8
67

.2
67

.4
71

.5
72

.5

W
23

64
/S

E
C

_0
9.

X
LS



T
A

B
L

E
 9

.7
-3

C
A

R
B

O
B

 C
O

S
T

 B
Y

 R
E

G
IO

N
 -

- 
A

V
E

R
A

G
E

 S
U

M
M

E
R

 1
99

7(
E

T
B

E
)

(C
en

ts
 p

er
 G

al
lo

n)

P
N

W
U

S
G

C
C

ar
ib

b
ea

n
E

u
ro

p
e

L
at

in
 A

m
er

ic
a

M
id

d
le

 E
as

t
F

ar
 E

as
t

  B
as

e 
G

as
ol

in
e 

P
ric

e
60

.9
59

.6
59

.5
55

.3
59

.1
58

.9
60

.5
  P

ro
ce

ss
in

g 
C

os
t

2.
8

1.
0

1.
0

1.
8

1.
0

1.
0

1.
8

  O
ct

an
e 

C
re

di
t

-1
.8

-1
.8

-1
.8

-1
.8

-1
.8

-1
.8

-0
.8

  I
nv

en
to

ry
 H

ol
di

ng
 C

os
ts

0.
3

0.
4

0.
4

0.
6

0.
4

0.
4

1.
8

  T
ra

ns
po

rta
tio

n 
C

os
t

6.
4

9.
3

6.
4

8.
9

6.
4

10
.6

6.
8

  R
ef

in
er

 M
ar

gi
n

2.
0

2.
0

2.
0

2.
0

2.
0

2.
0

2.
0

   
  T

o
ta

l C
IF

 C
o

st
70

.6
70

.6
67

.4
66

.8
67

.1
71

.1
72

.0

W
23

64
/S

E
C

_0
9.

X
LS



116 -- Key Component Availability California Energy Commission

P

T
A

B
L

E
 9

.7
-4

C
A

R
B

O
B

 C
O

S
T

 B
Y

 R
E

G
IO

N
 -

- 
A

V
E

R
A

G
E

 S
U

M
M

E
R

 1
99

7(
T

B
A

)
(C

en
ts

 p
er

 G
al

lo
n)

P
N

W
U

S
G

C
C

ar
ib

b
ea

n
E

u
ro

p
e

L
at

in
 A

m
er

ic
a

M
id

d
le

 E
as

t
F

ar
 E

as
t

  B
as

e 
G

as
ol

in
e 

P
ric

e
60

.9
59

.6
59

.5
55

.3
59

.1
58

.9
60

.5
  P

ro
ce

ss
in

g 
C

os
t

3.
3

1.
3

1.
2

2.
1

1.
1

1.
3

2.
0

  O
ct

an
e 

C
re

di
t

-0
.6

-0
.6

-0
.6

-0
.6

-0
.6

-0
.6

0.
4

  I
nv

en
to

ry
 H

ol
di

ng
 C

os
ts

0.
3

0.
4

0.
4

0.
6

0.
4

0.
4

1.
8

  T
ra

ns
po

rta
tio

n 
C

os
t

6.
4

9.
3

6.
4

8.
9

6.
4

10
.6

6.
8

  R
ef

in
er

 M
ar

gi
n

2.
0

2.
0

2.
0

2.
0

2.
0

2.
0

2.
0

   
  T

o
ta

l C
IF

 C
o

st
72

.3
72

.0
68

.9
68

.2
68

.4
72

.6
73

.5

W
23

64
/S

E
C

_0
9.

X
LS



T
A

B
L

E
 9

.7
-5

C
A

R
B

O
B

 C
O

S
T

 B
Y

 R
E

G
IO

N
 -

- 
A

V
E

R
A

G
E

 S
U

M
M

E
R

 1
99

7(
M

IX
E

D
 O

X
Y

G
E

N
A

T
E

)
(C

en
ts

 p
er

 G
al

lo
n)

P
N

W
U

S
G

C
C

ar
ib

b
ea

n
E

u
ro

p
e

L
at

in
 A

m
er

ic
a

M
id

d
le

 E
as

t
F

ar
 E

as
t

  B
as

e 
G

as
ol

in
e 

P
ric

e
60

.9
59

.6
59

.5
55

.3
59

.1
58

.9
60

.5
  P

ro
ce

ss
in

g 
C

os
t

3.
2

1.
3

1.
1

2.
0

1.
1

1.
2

2.
0

  O
ct

an
e 

C
re

di
t

-1
.2

-1
.2

-1
.2

-1
.2

-1
.2

-1
.2

-0
.2

  I
nv

en
to

ry
 H

ol
di

ng
 C

os
ts

0.
3

0.
4

0.
4

0.
6

0.
4

0.
4

1.
8

  T
ra

ns
po

rta
tio

n 
C

os
t

6.
4

9.
3

6.
4

8.
9

6.
4

10
.6

6.
8

  R
ef

in
er

 M
ar

gi
n

2.
0

2.
0

2.
0

2.
0

2.
0

2.
0

2.
0

   
  T

o
ta

l C
IF

 C
o

st
71

.6
71

.3
68

.2
67

.5
67

.8
71

.9
72

.8

W
23

64
/S

E
C

_0
9.

X
LS



118 -- Key Component Availability California Energy Commission

P

T
A

B
L

E
 9

.7
-6

C
A

R
B

O
B

 C
O

S
T

 B
Y

 R
E

G
IO

N
 -

- 
A

V
E

R
A

G
E

 S
U

M
M

E
R

 1
99

7(
N

O
 O

X
Y

G
E

N
A

T
E

)
(C

en
ts

 p
er

 G
al

lo
n)

P
N

W
U

S
G

C
C

ar
ib

b
ea

n
E

u
ro

p
e

L
at

in
 A

m
er

ic
a

M
id

d
le

 E
as

t
F

ar
 E

as
t

  B
as

e 
G

as
ol

in
e 

P
ric

e
60

.9
59

.6
59

.5
55

.3
59

.1
58

.9
60

.5
  P

ro
ce

ss
in

g 
C

os
t

3.
2

1.
3

1.
1

2.
0

1.
1

1.
2

2.
0

  O
ct

an
e 

C
re

di
t

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

  I
nv

en
to

ry
 H

ol
di

ng
 C

os
ts

0.
3

0.
4

0.
4

0.
6

0.
4

0.
4

1.
8

  T
ra

ns
po

rta
tio

n 
C

os
t

6.
4

9.
3

6.
4

8.
9

6.
4

10
.6

6.
8

  R
ef

in
er

 M
ar

gi
n

2.
0

2.
0

2.
0

2.
0

2.
0

2.
0

2.
0

   
  T

o
ta

l C
IF

 C
o

st
72

.8
72

.6
69

.4
68

.8
69

.0
73

.1
73

.0

W
23

64
/S

E
C

_0
9.

X
LS



T
A

B
L

E
 9

.8
-1

S
U

P
P

L
Y

 C
U

R
V

E
E

X
T

E
R

N
A

L
 C

A
R

B
O

B
 S

U
P

P
L

IE
S

 -
 C

A
L

IF
O

R
N

IA
 O

N
L

Y
 M

T
B

E
 B

A
N

E
th

an
ol

 (N
o 

W
ai

ve
r)

E
th

an
ol

 (W
ai

ve
r)

M
ix

ed
 O

xy
ge

na
te

s
C

os
t

V
ol

um
es

, B
/D

C
os

t
V

ol
um

es
, B

/D
C

os
t

V
ol

um
es

, B
/D

R
eg

io
n

¢/
G

al
R

eg
io

n
C

um
ul

at
iv

e
R

eg
io

n
¢/

G
al

R
eg

io
n

C
um

ul
at

iv
e

R
eg

io
n

¢/
G

al
R

eg
io

n
C

um
ul

at
iv

e

E
ur

op
e

68
.7

67
,0

00
67

,0
00

E
ur

op
e

67
.2

67
,0

00
67

,0
00

E
ur

op
e

67
.5

14
8,

00
0

14
8,

00
0

La
tin

 A
m

er
ic

a
68

.8
63

,0
00

13
0,

00
0

La
tin

 A
m

er
ic

a
67

.4
63

,0
00

13
0,

00
0

La
tin

 A
m

er
ic

a
67

.8
63

,0
00

21
1,

00
0

C
ar

ib
be

an
69

.3
26

,0
00

15
6,

00
0

C
ar

ib
be

an
67

.8
26

,0
00

15
6,

00
0

C
ar

ib
be

an
68

.2
26

,0
00

23
7,

00
0

U
.S

. G
ul

f C
oa

st
72

.5
21

4,
00

0
37

0,
00

0
U

.S
. G

ul
f C

oa
st

71
.0

21
4,

00
0

37
0,

00
0

U
.S

. G
ul

f C
oa

st
71

.3
47

0,
00

0
70

7,
00

0
P

ac
ifi

c 
N

or
th

 W
es

t
72

.9
10

,0
00

38
0,

00
0

P
ac

ifi
c 

N
or

th
 W

es
t

71
.2

10
,0

00
38

0,
00

0
P

ac
ifi

c 
N

or
th

 W
es

t
71

.6
14

,0
00

72
1,

00
0

M
id

dl
e 

E
as

t
73

.0
21

,0
00

40
1,

00
0

M
id

dl
e 

E
as

t
71

.5
21

,0
00

40
1,

00
0

M
id

dl
e 

E
as

t
71

.9
21

,0
00

74
2,

00
0

Fa
r E

as
t

73
.7

34
,0

00
43

5,
00

0
Fa

r E
as

t
72

.5
34

,0
00

43
5,

00
0

Fa
r E

as
t

72
.8

34
,0

00
77

6,
00

0

TB
A

E
TB

E
N

o 
O

xy
ge

na
te

s
C

os
t

V
ol

um
es

, B
/D

C
os

t
V

ol
um

es
, B

/D
C

os
t

V
ol

um
es

, B
/D

R
eg

io
n

¢/
G

al
R

eg
io

n
C

um
ul

at
iv

e
R

eg
io

n
¢/

G
al

R
eg

io
n

C
um

ul
at

iv
e

R
eg

io
n

¢/
G

al
R

eg
io

n
C

um
ul

at
iv

e

E
ur

op
e

68
.2

14
8,

00
0

14
8,

00
0

E
ur

op
e

66
.8

14
8,

00
0

14
8,

00
0

E
ur

op
e

68
.8

67
,0

00
67

,0
00

La
tin

 A
m

er
ic

a
68

.4
63

,0
00

21
1,

00
0

La
tin

 A
m

er
ic

a
67

.1
63

,0
00

21
1,

00
0

La
tin

 A
m

er
ic

a
69

.0
63

,0
00

13
0,

00
0

C
ar

ib
be

an
68

.9
26

,0
00

23
7,

00
0

C
ar

ib
be

an
67

.4
26

,0
00

23
7,

00
0

C
ar

ib
be

an
69

.4
26

,0
00

15
6,

00
0

U
.S

. G
ul

f C
oa

st
72

.0
47

0,
00

0
70

7,
00

0
U

.S
. G

ul
f C

oa
st

70
.6

47
0,

00
0

70
7,

00
0

U
.S

. G
ul

f C
oa

st
72

.6
21

4,
00

0
37

0,
00

0
P

ac
ifi

c 
N

or
th

 W
es

t
72

.3
14

,0
00

72
1,

00
0

P
ac

ifi
c 

N
or

th
 W

es
t

70
.6

14
,0

00
72

1,
00

0
P

ac
ifi

c 
N

or
th

 W
es

t
72

.8
10

,0
00

38
0,

00
0

M
id

dl
e 

E
as

t
72

.6
21

,0
00

74
2,

00
0

M
id

dl
e 

E
as

t
71

.1
21

,0
00

74
2,

00
0

Fa
r E

as
t

73
.0

34
,0

00
41

4,
00

0
Fa

r E
as

t
73

.5
34

,0
00

77
6,

00
0

Fa
r E

as
t

72
.0

34
,0

00
77

6,
00

0
M

id
dl

e 
E

as
t

73
.1

21
,0

00
43

5,
00

0

W
23

64
/S

E
C

_0
9.

X
LS



120 -- Key Component Availability California Energy Commission

P

T
A

B
L

E
 9

.8
-2

S
U

P
P

L
Y

 C
U

R
V

E
E

X
T

E
R

N
A

L
 C

A
R

B
O

B
 S

U
P

P
L

IE
S

 -
 U

S
 W

ID
E

 M
T

B
E

 B
A

N

E
th

an
ol

 (N
o 

W
ai

ve
r)

E
th

an
ol

 (W
ai

ve
r)

M
ix

ed
 O

xy
ge

na
te

s
C

os
t

V
ol

um
es

, B
/D

C
os

t
V

ol
um

es
, B

/D
C

os
t

V
ol

um
es

, B
/D

R
eg

io
n

¢/
G

al
R

eg
io

n
C

um
ul

at
iv

e
R

eg
io

n
¢/

G
al

R
eg

io
n

C
um

ul
at

iv
e

R
eg

io
n

¢/
G

al
R

eg
io

n
C

um
ul

at
iv

e

E
ur

op
e

68
.7

67
,0

00
67

,0
00

E
ur

op
e

67
.2

67
,0

00
67

,0
00

E
ur

op
e

67
.5

14
8,

00
0

14
8,

00
0

La
tin

 A
m

er
ic

a
68

.8
63

,0
00

13
0,

00
0

La
tin

 A
m

er
ic

a
67

.4
63

,0
00

13
0,

00
0

La
tin

 A
m

er
ic

a
67

.8
63

,0
00

21
1,

00
0

C
ar

ib
be

an
69

.3
26

,0
00

15
6,

00
0

C
ar

ib
be

an
67

.8
26

,0
00

15
6,

00
0

C
ar

ib
be

an
68

.2
26

,0
00

23
7,

00
0

U
.S

. G
ul

f C
oa

st
72

.5
10

7,
00

0
26

3,
00

0
P

ac
ifi

c 
N

or
th

 W
es

t
71

.0
10

,0
00

16
6,

00
0

P
ac

ifi
c 

N
or

th
 W

es
t

71
.3

14
,0

00
25

1,
00

0
P

ac
ifi

c 
N

or
th

 W
es

t
72

.9
10

,0
00

27
3,

00
0

U
.S

. G
ul

f C
oa

st
71

.2
10

7,
00

0
27

3,
00

0
U

.S
. G

ul
f C

oa
st

71
.6

23
5,

00
0

48
6,

00
0

M
id

dl
e 

E
as

t
73

.0
21

,0
00

29
4,

00
0

M
id

dl
e 

E
as

t
71

.5
21

,0
00

29
4,

00
0

M
id

dl
e 

E
as

t
71

.9
21

,0
00

50
7,

00
0

Fa
r E

as
t

73
.7

34
,0

00
32

8,
00

0
Fa

r E
as

t
72

.5
34

,0
00

32
8,

00
0

Fa
r E

as
t

72
.8

34
,0

00
54

1,
00

0

TB
A

E
TB

E
N

o 
O

xy
ge

na
te

s
C

os
t

V
ol

um
es

, B
/D

C
os

t
V

ol
um

es
, B

/D
C

os
t

V
ol

um
es

, B
/D

R
eg

io
n

¢/
G

al
R

eg
io

n
C

um
ul

at
iv

e
R

eg
io

n
¢/

G
al

R
eg

io
n

C
um

ul
at

iv
e

R
eg

io
n

¢/
G

al
R

eg
io

n
C

um
ul

at
iv

e

E
ur

op
e

68
.2

14
8,

00
0

14
8,

00
0

E
ur

op
e

66
.8

14
8,

00
0

14
8,

00
0

E
ur

op
e

68
.8

67
,0

00
67

,0
00

La
tin

 A
m

er
ic

a
68

.4
63

,0
00

21
1,

00
0

La
tin

 A
m

er
ic

a
67

.1
63

,0
00

21
1,

00
0

La
tin

 A
m

er
ic

a
69

.0
63

,0
00

13
0,

00
0

C
ar

ib
be

an
68

.9
26

,0
00

23
7,

00
0

C
ar

ib
be

an
67

.4
26

,0
00

23
7,

00
0

C
ar

ib
be

an
69

.4
26

,0
00

15
6,

00
0

U
.S

. G
ul

f C
oa

st
72

.0
23

5,
00

0
47

2,
00

0
P

ac
ifi

c 
N

or
th

 W
es

t
70

.6
14

,0
00

25
1,

00
0

Fa
r E

as
t

72
.6

34
,0

00
19

0,
00

0
P

ac
ifi

c 
N

or
th

 W
es

t
72

.3
14

,0
00

48
6,

00
0

U
.S

. G
ul

f C
oa

st
70

.6
23

5,
00

0
48

6,
00

0
P

ac
ifi

c 
N

or
th

 W
es

t
72

.8
10

,0
00

20
0,

00
0

M
id

dl
e 

E
as

t
72

.6
21

,0
00

50
7,

00
0

M
id

dl
e 

E
as

t
71

.1
21

,0
00

50
7,

00
0

M
id

dl
e 

E
as

t
73

.0
21

,0
00

22
1,

00
0

Fa
r E

as
t

73
.5

34
,0

00
54

1,
00

0
Fa

r E
as

t
72

.0
34

,0
00

54
1,

00
0

U
.S

. G
ul

f C
oa

st
73

.1
10

7,
00

0
32

8,
00

0

W
23

64
/S

E
C

_0
9.

X
LS



T
A

B
L

E
 9

.9
-1

A
L

K
Y

L
A

T
E

 S
U

P
P

L
Y

 C
O

S
T

(C
en

ts
 p

er
 G

al
lo

n)

P
N

W
U

S
G

C
C

ar
ib

b
ea

n
E

u
ro

p
e

L
at

in
 A

m
er

ic
a

M
id

d
le

 E
as

t
F

ar
 E

as
t

  B
as

e 
G

as
ol

in
e 

P
ric

e
60

.9
59

.6
59

.5
55

.3
59

.1
58

.9
60

.5
  A

lk
yl

at
e 

P
re

m
iu

m
12

.0
12

.0
12

.0
12

.0
12

.0
12

.0
12

.0
  I

nv
en

to
ry

 H
ol

di
ng

 C
os

ts
0.

3
0.

5
0.

4
0.

8
0.

5
0.

5
2.

1
  T

ra
ns

po
rta

tio
n 

C
os

t
6.

5
9.

4
6.

5
9.

0
6.

5
10

.7
6.

8

   
  T

o
ta

l C
IF

 C
o

st
79

.7
81

.5
78

.4
77

.0
78

.1
82

.1
81

.4

W
23

64
/S

E
C

_0
9.

X
LS


